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Without a warning, there arises some unforeseen urgent need 
for Chemicals or Laboratory Apparatus and immediately 


the name GILMORE appears to remind you of quicker service 
through :— 


(1) Well kept and complete stocks. 


(2) An efficient organization of trained employees. 


(3) Special messenger service for emergency needs. 


(4) A large fleet of trucks at our command making 
daily deliveries. 


(5) “Personal Service Department” to see that your 
needs, whether large or small, receive that serv- 
ice upon which the “House of Gilmore” has been 
built. 


QUALITY FAIR PRICES SERVICE 


W. J. GILMORE DRUG COMPANY 


Laboratory Apparatus Division 
PITTSBURGH, PA. 
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NEW Books 


Selecting Textbooks ... 


There are said to be eighteen different methods of se- 
lecting a textbook. All may be good. None is infallible. 

One publisher whose textbooks in science are widely 
used in high schools, believes that formal scorings may 
well be indulged in for they are now the fashion, but 
he is frank to state that in his opinion no other method 
is as good as putting the job in the hands of one com- 
petent expert who knows the subject. He quotes a col- 
league as asking, “Who can score the soul of a book?” 

This much is certain. Textbooks are such important 
tools that they must not be chosen blindly. Sincere ef- 
forts must be made to find the text that is best suited 


to the local situation. The best book cannot be selected 
without study and deliberation. 
e 


It was with this thought in mind that we requested 
four important teachers in the secondary schools to 
give to our readers their ideas of the points to be con- 
sidered in selecting textbooks in their own individual 
science fields. Their papers follow. They will inform 
and enlighten. Should our readers later be called upon 
to suggest, or to approve the adoption of a new text, 
they will know something of the methods that are now 
being used. 


Here they may have the benefit of the considered 
thought of teachers who have given careful consider- 
ation to the difficult but important task of finding the 
right book. 
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Choosing a General Science Textbook 


® By Franklin B. Carroll. Ph. D.. (University of Pennsylvania) 
HEAD, DEPARTMENT OF SCIENCE, FRANKFORD HIGH SCHOOL, PHILADELPHIA 


The present offering on evaluation of textbooks is 
a brief commentary in educational accord with the com- 
forting characterization of science as common sense or 
derly arranged. It attempts to present some of the com 
mon sense of judging a science textbook. 

What the teacher wishes of a book, and what forces 
delimit his situation are matters that deserve attention 
before proceeding with a selection. Use varies from 
that of a complete guide of study and teaching practise 
to that of occasional reference, and circumstances are 
as various as superior officers. Let us put the matter 


familiarly. 
Should you live in a situation in which you are bound 


and dragged through a course of study to be vicariously 
tormented at the end by a standard test administered 
to your pupils, you need a text in which every jot and 
tittle of your course of study are listed where they may 
be memorized. Textbooks on the market conform to 
courses of study, chiefly to the courses of prominent 
cities and states with good purchasing power. Bold face 
headings and short passages of text form a satisfactory 
catechism. 

Should you live in an atmosphere of “scientific 
method”, you will find textbooks and accompanying 
manuals through which you may conduct your classes 
with confidence and little forethought. Experiments are 
plainly laid out so the pupil need not go astray, pro- 
vided the teacher “checks” regularly. The qualities of 
a scientist are duly developed, and even listed in a form 
in which they may be memorized. After the faithful 
teacher has guided pupils, well-broken to harness, by 
carefully planned stages to the end of the course, the 
trained pupils will respond reflexly to appropriate stim- 
uli in the final “test” 

Should you enjoy the extreme freedom of progressive 
education, to follow the lure of fancy into lone lanes 
that zigzag about the fields of knowledge, skirting the 
morasses and brambly thickets of difficult questions, 
you need a library of easy syllables. A limited number 
of copies each of several texts selected from the market 
will form a semi-suitable collection. A reference library 
will supplement the texts. 

Should the course be charted along established lines 
with permitted minor variations to accommodate the 
personalities of pupils and teachers as well as environ- 
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ment and supplies, the wide market of general science 
books will allow considerable choice. The ‘“‘minimum es- 
sentials” of core topics will be found to be common to 
the majority of texts. The minor topics included may 
be a determining factor in the selection of a text. 

After a check of content, a rather careful study of 
adequacy of treatment of required questions is impor- 
tant. A desire to be of wide service has led some authors 
and publishers to include so many topics of interest 
that mere mention of many topics constitutes text treat- 
ment. To make an impression upon the pupil, his atten- 
tion must be held for a measurable period. A subject 
must be developed with sufficient deliberation to im- 
press the pupil of its worth. Although a vague impres- 
sion has an importance as background, for study the 
pupil should have the benefit of a definite question, a 
definite procedure and a _ definite conclusion, even 
though such conclusion may be suspended decision while 
awaiting clearly defined data. A bewildered pupil suf- 
fering under continual bombardment of minor mention 
of facts may easily become an indifferent pupil, satis- 
fied to have heard of the matter under discussion. Al- 
though “relative mastery” may be variously and loosely 
interpreted, a desire for mastery at least to the extent 
required by class treatment is well worth developing 
in the pupil. 

Is the text within the grasp of the pupil? The pres- 
ent writer likes to hand a newly-published examination 
copy to a mediocre pupil with an assignment of a new 
lesson. A judgment by the teacher on the clarity of a 
text is sometimes deceptive. A blanking out of one’s 
previous knowledge to attain the position of the pupil 
is difficult. Didactic treatment in the text may fail by 
its very directness to hold the attention of the pupil. 
The pupil must be aided in the wearying struggle of 
slogans and words versus ideas and thought. Too often 
a hasty and passive reading of words is mistaken by 
the pupil for studying, and memorization of phrases 
substitutes for understanding. Such a comfortable 
habit is not always changed by the test-conscious teach- 
er hurrying over a crowded course. A function of text- 
book writing is to arouse the pupil from comfortable 
passivity, to maintain his interest and to clarify his 
thought. It must develop suitable language for his use, 
but it must not leave him thoughtlessly repeating words. 
No formula for judgment applies. Each treatment must 
be judged by its effect. 

An occasional pupil is lured ahead by a pleasing nar- 
rative, a minor victory for the teaching, the subject and 
the book. A danger, however, attends the turning of 
a textbook into a story. A casual reading may have a 
disadvantage in leaving the pupil with a feeling of suf- 
ficient familiarity when little of basic importance has 
been grasped. Skilful reminder of the seriousness of 
the subject may enter as problems, didactic presenta- 
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tion or other change of manner. Self-administered tests 
would have a value if pupils could be induced to use 
them. A nice balance between the style that pleases 
and the thought that arouses is sought in a textbook. 

Does the text develop sufficiently the basic principles 
of science? Are the generalizations so introduced that 
the pupil is led to understand the principle and to 
grasp its importance in dealing with particular instan- 
ces? Is the pupil led to apply the principle subse- 
quently? Are the principles used to develop a major 
theme, a message of science, or are they items in a 
catalogue? The skilful writer so places the principle 
within the grasp of the pupil that it will become a fa- 
miliar intellectual tool. These qualities can not be 
hastily judged. 

The illustrations form an important part of the text- 
book. Aside from the very desirable consideration of 
attractiveness, they are a valuable means of teaching. 
A study of the figures in conjunction with the accom- 
panying text is advisable. The illustrations may sub- 
stitute for more direct contact with reality, as in field 
study, or they may serve to re-create a situation in 
which the pupil has been placed in the laboratory. They 
may present additional data in more direct form or they 
may clarify textual discussion. In judging the value of 
the figure one should call to mind its purpose, its at- 
tractiveness, its clarity, and its probable effectiveness 
in attaining its end. Picture-study technique deserves 
attention. 

“Teaching aids” may serve various purposes. The 
“device” should be measured against the purpose. If the 
purpose is to aid the pupil when a lesson is assigned 
without previous treatment in class, the significance 
of the study should be adequately developed in the 
device. The pupil should approach the study with a 
question clearly in mind, a plan for study, and means 
for developing and recognizing the answer. If the de- 
vice is to aid the pupil in testing himself, the questions 
should be brief, even abrupt, for pupils are usually sat- 
isfied if they have “studied the lesson.”” The test ques- 
tions should distinguish for the pupil the chief concept 
from explanatory discussion or illustrative instance. If 
the teaching device is suggestion or direction for lab- 
oratory, field, or library study it should be judged on 
the basis of the pupil’s ability to carry out the work 
from the directions and profit by it. Teachers of expe- 
rience will dismiss many suggested “aids” and tests as 
irrelevant or trivial where serious effort is advisable. 

Terms, irreverently dubbed “pedaguese”’, should not 
be allowed to place a false value on a book. Terms are 
used in the literature of school phenomena with an as- 
surance and indefiniteness that might give pause to a 
teacher of science. Comments on the evaluation of text- 
books have assumed that certain terms indicate values 
of educational practices as established, where a more 
scientific attitude would leave the matter open to ques- 
tion. “Unit” and “problem” are spoken with arrogant 
authoritarianism, although “project” is fading a little 
into a passing style. These terms must be recognized 
as abstractions of varying meaning in the intellectual 
activity of the pupil, often merely avenues of satisfac- 


tion in his relationship with his teacher. Some texts 
contain ludicrous attempts to create units, problems 
and projects. A textbook that measures well in other 
respects need not be condemned for lack of problems 
and unit organizations. There are other valid ways of 
learning. 

Much has been said of “pupil viewpoint” and “native 
interests”. Investigators, however, arrive at very dif- 
ferent conclusions as to what they are. “Emotional sat- 
isfaction” has been offered as the psychological lure 
to pupil action, but the convenient phrase gives us lit- 
tle guidance. Pupils find satisfaction in the commenda- 
tion of a favorite teacher that repays the effort spent 
on “getting a lesson.” A terse summary may give the 
impatient pupil the greatest satisfaction. Judgment of 
textbooks on the basis of pupil viewpoint, interest and 
probable satisfaction must be decidedly qualified. 

“Experience” also has become a technical term in 
educational jargon. The experience of the pupil has 
been so limited that attempts to expand his field have 
led to the creation of artificial situations that approach 
burlesque. A frank presentation of a formal experi- 
ment related more to the life of the laboratory than to 
the life in society is to be recognized as preferable to 
a crude mimicry. Serious study still has a place in the 
schools. Textbook “experiences” are to be examined 
with skepticism. 

Among the popular educational fallacies is the as- 
sumption that “supplementary activities” or the indi- 
cation of “minimum” and additional passages provides 
for individual differences. Such differences are emo- 
tional as well as intellectual problems and are not to 
be measured in quantity of text nor by number of ac- 
tivities. Although a differentiation of levels in the 
text may have a value, the provisions should be ex- 
amined critically by the teacher who is to use the book. 

If one desires a scheme for objective evaluation or re- 
lief from the tedium and responsibility of arriving at 
a judgment, there are score cards in the literature. It 
is well to evaluate a score card in the light of one’s own 
study and experience. The reluctance of teachers to 
change a book is often a recognition, more or less con- 
sciously, that a book, if reasonably good, is a secondary 
matter. The abstract measurement of the score card 
lacks the psychological factor of the teacher. There are 
still imponderables in education. If after rating a book 
high on a score card, there is an overwhelming urge to 
set aside the verdict, the urge is probably right. 

For those who wish a more formal study of evalua- 
tion of textbooks the following references will serve 
to open the way to a bibliography.@ 

REFERENCES 
Hunter, G. W.: Science Teaching, 1934. American Book Com- 
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What Physies Text Best Suits Your Course? 


THE COUNSELOR 


® By Herman M. Campsen, Jr.. A. M. (Columbia University) 


HEAD, PHYSICAL SCIENCE DEPARTMENT, 


The conscientious choosing of a physics text for sec- 
ondary school use is a serious and difficult task. In 
the average school the wise principal assumes only 
general supervision in the matter of textbook selec- 
tion and use. He, of course, checks to see that it is 
appropriate and in harmony with certain legal re- 
quirements. However, in view of the special knowl- 
edge of physics required, the actual selection should 
be made by the physics department head in consulta- 
tion with the department teachers. One must guard 
against the possibility of choosing a text simply be- 
cause of familiarity rather than excellence. 

Probably very few physics teachers will dispute 
the fact that most physics teaching is done from 
texts. Young and inexperienced teachers especially 
are inclined to slavishly follow the textbook. There- 
fore, the contents of the physics text used largely de- 
termines the content of the course of study. Select- 
ing the text may then become an important factor in 
the improvement of teaching. 

Paving the way for the “recitation-testing” evil 
should be discouraged. While physics textbooks re- 
lieve a teacher in the matter of spending a large 
amount of time in lesson planning, ineffective teach- 
ing may result if the teacher is not careful. On the 
other hand, a physics test intelligently employed en- 
ables both teacher and students to save a great deal 
of time and energy. If the average teacher endeav- 
ored to get together such a large body of facts, prop- 
erly outlined and organized, the task would be tre- 
mendous. 

Every experienced physics teacher has set up stan- 
dards for his classroom and laboratory teaching 
which are quite definite. In casting about for a text 
he will inquire as to whether or not the contemplated 
book meets these established standards. 

There is certainly no single, accepted organization 
of physics teaching. Actually there are an indefinite 
number of organizations possible, depending largely 
upon the viewpoint and purpose of the curriculum 
maker. The effective physics teacher will verify the 
suitability of definite topics to be given in the course. 
Many studies on this point offer advice that is exper- 
imentally sound. The text selector then must be alert 
to determine if the physics book chosen meets this 


need. 
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BRONX HIGH SCHOOL OF SCIENCE, NEW YORK CITY. 


One must guard against the text which presents the 

subject matter in such a way that the mature and 
relatively finished product of the adult mind is rep- 
resented, rather than a process which follows the 
natural movement of the pupil’s mind. Instead of rep- 
resenting the starting point for reflective thinking, 
such texts are the result of such thinking. Further- 
more, instead of refining, testing and developing vague 
concepts in the realm of experience, finished products 
of the scientific method are presented. A sequence of 
items should be developed which will correspond as 
closely as possible with the order which the scientist 
follows when in search of the solution of his prob- 
lem. In this way original thinking is encouraged. 

Physics teachers should free themselves from ad- 
herence to the logical organization and learn to ap- 
preciate the psychological organization, using as a 
basis the world of the pupil. 

Although the physics laboratory is the place for 
pupils to acquire their knowledge at first hand, this 
method must of necessity be slow and tedious. There- 
fore, only a small portion of the field of physics can 
be taught by subjecting the pupil to actual personal 
experiences. For this reason, a well-selected and in- 
telligently used text must furnish the basis for the 
major portion of physics which it is thought the pu- 
pil should master. Whenever possible, the pupils should 
first be introduced to the topic in the laboratory or 
demonstration, whereupon the text should be used to 
follow the laboratory experiments. In this regard, a 
text with a good index will prove invaluable as a 
ready reference book. An intensive consideration of 
fewer topics rather than an extensive survey is generally 
believed to give the best results in physics teaching. 
Theoretical physics topics may be most wisely taught 
by being interspersed among facts which can be used 
as a foundation for the theory. It is believed to be peda- 
gogically unsound to teach theories entirely segregated 
from other portions of the science. 

Motivation in teaching is perhaps found in larger 
measure in educational films, excursions, trips and 
clubs, than in the text itself. Nevertheless, many moti- 
vating devices, such as colored illustrations, dia- 
grams, graphs and half-tones serve as excellent means 
of motivation in modern physics textbooks. Problematic 
situations, set up in connection with these illustra- 
tions by cleverly worded titles, do much to motivate 
the subject matter. Many good modern physics texts 
supply self-testing exercises and other learning de- 
vices in the form of reference readings, biographies, 
and suggested projects and problems. In this manner 
individual differences may be cared for. 

Many physics texts overemphasize factual mate- 
rial. The text should not only be a source of infor- 
Continued on Page Sixty 
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Criteria of a High School Biology Text 


® By Leo J. Fitzpatrick. B. 8. (Massachusetts State College) 


SCIENCE DEPARTMENT, BROCKTON HIGH SCHOOL, 


LOGICAL ASSOCIATION. 


Some one has said that the choice of a biology text 
is a matter for the individual teacher inasmuch as 
there appears to be considerable variance in the phil- 
osophy of education in biology. What seemingly 
meets the ideals of one as desirable, may not con- 
form to the opinions of others. It is true that there 
are texts which embody a philosophy ranging from 
those with an emphasis on natural history to those 
emphasizing structure and classification. Others em- 
phasize functional aspects and the physiological pha- 
ses of the subject. Ideas as to the real purpose of 
the subject are almost chaotic. 

Educators have been influenced by the “do some- 
thing different” craze to the extent that confusion 
has resulted. Criticism that biological education does 
not produce results in the life of the individual has 
caused the addition of many new phases, some rath- 
er dilute. 

Out of the admittedly confused thought of the past 
there have evolved a few fundamental ideas in the 
light of which we may scrutinize today’s text. 

The modern text should have a content which 
bears a definite relationship to everyday life and be- 
havior. A treatment of biological principles is needed, 
as opposed to a mass of unrelated scientific facts. 
Young people must correctly interpret press and ra- 
dio advertising if they are to be properly fitted for 
efficient everyday living. Biological knowledge should 
enable them to differentiate between the legitimate 
practitioner and the quack and the charlatan. Through 
it they should be able to distinguish and appreciate 
the truth. The knowledge whereby they may do this 
must come in part from the text they use. 

While the principles involved in the subject are 
numerous, certain ones are of outstanding signifi- 
cance, being definitely related to everyday life in the 
world about us. To enumerate a few does not imply 
that there may not be others equally important. In 
my opinion those which a modern text should empha- 
size, since they have a definite practical bearing on 
life, are understandings concerned with: (1) the use 
of food and oxygen by living things; (2) the units 
or cells of which living organisms are composed; 
(3) the dependence of one form of life on another; 
(4) the relationship of plants and animals to others 
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of their kind; (5) the nature of disease and its 
spread; (6) facters having an important bearing on 
health; (7) reproduction of plants and animals; 
(8) influences of heredity, environment and individual 
effort, and the possibilities of plant and animal im- 
provement; (9) mental and social hygiene not ob- 
jectionable to mixed groups and adapted to the age 
level; and (10) economic relationships of plants and 
animals to man. Facts, while very necessary, should 
be subordinated to ideas and to principles. A good 
text will not only develop and point out effectively the 
importance of these principles, but it will teach the 
pupil to make practical application of them in his 
daily living. 

Inculeation of the scientific method is sufficiently im- 
portant that it must receive attention. A good text will 
allow a student to draw conclusions from presented 
facts. The ability to do this results in the formation 
of desirable habits. Scientific attitudes should be en- 
couraged. Training in the ability to think is something 
which many texts do not encourage because the author 
draws all the conclusions. 

Of foremost importance is the question of interest. 
An interesting presentation arouses student interest 
and attention, and makes the problem vital and pur- 
poseful. Many texts may be attractive to the teacher 
or to the specialist, but some of them overlook the fact 
that it is the point of view of the pupil which needs 
attention. Simplicity of statement, as well as appro- 
priateness of subject matter, is essential. Biological 
terms must not be too difficult. Beginning students find 
difficulty when there is an abrupt transition of ideas, 
or too concise treatment. 

Biology should be presented as a unified whole, not 
as separate entities such as botany, zoology and physi- 
ology. The unit presentation, with each unit a major 
principle subdivided into problems all of which have a 
bearing on that unit, seems to me to be a very teach- 
able organization of a text, and therefore desirable. 
The problems, when skilfully handled, are frequently 
challenging to the student. 

The question of flexibility of texts for groups of 
varying ability is worthy of thought. Until recently 
mass education was accepted, and texts were organized 
on that basis. Present emphasis seems to be directed 
toward the individual. Such being the case, provision 
should be made for the superior and for the inferior 
as well as for the average pupil. It would seem desir- 
able to accomplish this by graded exercises, problems, 
and experiments in connection with each principle, thus 
providing for individual differences. 

Laboratory exercises should be correlated with the 
text. Whether laboratory exercises are in the text or 
in a separate workbook or manual is not important, 
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Choosing Chemistry Textbooks 


THE SCIENCE COUNSELOR 


By J. Amon. M.A. (University of Pittsburgh) 
DEPARTMENT OF CHEMISTRY, GEORGE WESTINGHOUSE HIGH SCHOOL, PITTSBURGH. 


In the city of Pittsburgh, new adoptions in chemistry, 
as well as in all other courses, involve a considerable 
expenditure of the taxpayers’ money. Consequently, 
they are made only after very careful study. 

The book selected must be the best available, and 
one not likely to be outdated in a short period of time. 
It must meet specific needs not covered by the books 
in use. The need may result from a change in the 
course of study, from a change in the point of em- 
phasis resulting from a change in general policy 
which may modify the objectives to be achieved; or, 
as is often the case, it may be due to the fact that the 
book in use is not sufficiently up to date to be satis- 
factory. 

When it has been decided that a new adoption is to 
be made, the various textbook publishers are so ad- 
vised. In order to be fair to all publishers and not 
under obligation to any particular one, it is the policy 
of the administration not to ask for complimentary 
copies as is so often done. Sufficient copies of each 
text available are purchased to make it possible for a 
representative group to make a comparative study and 
reach an unbiased conclusion concerning the relative 
merits of each. With this in mind, a committee is 
selected to make the study and evaluate each book. 

The evaluation is made in the following manner: 

In the first place, criteria are set up covering such 
points as objectives, subject matter, organization of 
subject matier, pupil and teacher aids, language, and 
general makeup of the book. In order that the com- 
mittee’s judgment concerning these may be as objec- 
tive as possible, each one is carefully analyzed and 
broken up into a number of items, and then evaluated 
in accordance with its relative importance to the whole 
setup. For example, subject matter, as one of the most 
important of the criteria, would receive a higher rat- 
ing than objectives, which may be of less value but, 
nevertheless, important. The detailing and evaluation 
of the various criteria will be somewhat influenced by 
existing circumstances as well as by the personnel of 
the committee. Subject matter details, for instance, 
will be determined by the course of study which has 
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been previously set up. Since each text will be checked 
by each committee member against the salient ideas 
to be covered in the course, it is evident that a fairly 
objective composite value can be assigned with refer- 
ence to subject matter. 

Each criterion is thus detailed, individually checked, 
and values assigned in accordance with the original 
evaluation as set up. These individual values are then 
totaled. The total score arrived at in this way is used 
to determine the rank of each book, the one receiving 
the highest score being ranked first, and so on. The 
individual member’s rankings are then brought to- 
gether into one final composite rating, from which the 
committee’s final rating of the books is made. With 
such care in making independent evaluations, there 
can be little doubt that the final rating is quite objec- 
tive and free from individual bias. 

Finally, this composite rating is turned over to a 
second committee consisting of an associate superin- 
tendent of schools, the director in charge of the de- 
partment of curriculum study, and the director in 
charge of science. This committee reviews the report 
and makes the final recommendation to the board of 
education. 

In this manner, it is believed that favoritism with 
respect to publishing companies and book agents has 
been eliminated, and the best text available, meeting 
the immediate needs of the classroom, has_ been 


chosen. @ 


RADIO CLUB PRIZE 
4 484 


Visitors to the recent Duquesne University Science 
Conference were impressed by the excellence of the sci- 
ence project material that had been loaned for exhibi- 
tion by numerous Catholic high schools throughout the 
country. One of the most extensive displays was the col- 
lection of pupil-made radios shown by the Radio Club 
of St. Philip and James High School, Phillipsburg, 
N. J., through the courtesy of Sister Mary Ruth, 
R. S. M., teacher of science. 

Those who saw the display in Pittsburgh will be in- 
terested to know that eighteen of the radios which 
formed a part of the Pittsburgh exhibit were later en- 
tered in a competition at the American Institute Science 
and Engineering Fair, which was held, in March, at 
the Museum of Natural History in New York City. Two 
prizes were won: a third prize for the best group dis- 
play, and a third prize for the best individual entry. 

We congratulate both the members of the Radio Club 
and the teaching staff of the school on this splendid 
achievement. We are sure that this success will, as it 
should, stimulate them to further efforts. 
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Scientific Criminal Detection 


* By oS. Edgar Hoover. LL. B.. LL. MM. LL. bD.. (George Wash ington University) 
DIRECTOR, FEDERAL BUREAU OF INVESTIGATION, WASHINGTON, D. C. 


We take great pleasure in presenting this 


paper to our re aders. 


Chemistry, physics, biology, metallurgy and 
other branches of science are employed in the 
great number of scientific examinations which 
the Federal Bureau of Investigation of the 
United States Department of Justice makes 
each year for the purpose of detecting crimi- 
nals. Sometimes science points out the guilty 
one after all other means have failed. 


In this factual article Director Hoover tells 
of the work be ng done in the Technical Lab- 
oratory, the largest and most efficient crimi- 
nological laboratory in. the world, No particle 
of evidence is too insignificant for his experts 
to study. No expense is spared. No trouble is 
too great, 


The Bureau of Investigation contributes to 
the public safety far more than most per- 


sons re alize 


The examination of evidence found at the scene of 
a crime on a sound, scientific basis has become a ne- 
‘essity during recent years. Today, progressive law en- 
forcement officials look upon the technical laboratory 
is an indispensable unit which must be relied upon in 
bringing about the conviction of modern criminals 
through impartial scientific laboratory study of various 
types of physical evidence obtained in criminal inves- 
tigations. With the establishment of the 
Technical Laboratory of the Federal Bu- 


reau of Investigation, United States De- Erp 


partment of Justice, at Washington, D. C., 
in the fall of 1932, the results obtained by 
means of scientific analysis of evidence in 
the laboratory have amply demonstrated the 
necessity of including examinations of this 
type in all possible fields of criminal inves- 
tigations. Since 1932, the Bureau’s Techni- 
cal Laboratory has grown from a mere 
source of information file, maintained by 
one man, to its present size as the largest 
criminological laboratory in the world. Va- 
rious types of scientific examinations of evi- 
dence are conducted daily by almost one 
hundred different experts throughout the 
Bureau, making the solutions of crimes, 
which a few short years ago would have 
been unending mysteries, a mere routine 
assignment. 

To insure accuracy of examination and 
credibility of the experts conducting the 


various studies in the Technical Laboratory, it has 
been, of course, necessary to carefully select personnel 
unquestionably qualified for that type of work on the 
basis of extensive scientific educational background 
and practical experience prior to entry in this service. 
Each of the applicants for positions in the Technical 
Laboratory must, in addition to possessing high educa- 
tional standards and practical experience, be specially 
trained in the crime laboratory along police lines in 
the various fields of scientitic investigation to which 
he is suited. The modern criminological laboratory is 
confronted with a problem very dissimilar to the ordi- 
nary industrial laboratory in that in the latter instance 
examinations are generally restricted along definite 
types of work, whereas the organization serving a po- 
lice agency must be equipped and prepared to handle 
every conceivable type of scientific examination. 
Every branch of science eventually finds its way into 
the examinations being performed in the modern lab- 
oratory of police science. It would serve little purpose 
to list the various kinds of examinations performed in 
the Bureau’s Technical Laboratory or to set out the 
many different types of scientific instruments needed 
in conducting these examinations. It is sufficient to say 
that we have available all types of apparatus applica- 
ble to the work performed, and have not hesitated to 
place at the examiner’s disposal the scientific instru- 
ment, whether it be a spectrograph or a high-powered 
microscope, which would be necessary to assure the 
successful examination of a particular particle of evi- 
dence. The great expense invelved in outfitting a tech- 
nical laboratory such as ours, is of course compensated 
by the results obtained. Its success is based upon the 
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qualifications and training of the examiners, in addi- 


tion to their having for their use the type of high pre 
cision instruments necessary in arriving at exact con- 
clusions. 

All of the examiners in the Technical Laboratory 
are trained as photographers, and those who previously 
had extensive photographic experience are assigned to 
photographic examinations and experiments involving 
detailed knowledge of that science. The full-time staff 
of the Technical Laboratory is engaged in such work 
as document examinations, which includes any and all 
types of examinations of either written, printed or 
coded messages; the examination of firearms and kin 
dred ballistic fields. Several experts are engaged in 
conducting chemical examinations, including toxicologi- 
cal work and the work covering the general field of 
chemical analysis. Continual examinations are made in 
the field of blood analysis where determinations are 
made whether or not a particular stain is human blood, 
and, if so, the actual grouping or typing of that stain 
is determined. The staff includes experts qualified in 
the field of moulage reproductions and in the science of 
examining glass fractures, and in the study and exami- 
nation of bullet holes in glass and in other substances. 
Hair, rope, fiber and dust analyses are made, and in 
another section of the Technical Laboratory qualified 
experts are engaged in examinations pertaining to ge- 
ology, metallurgy and soil analysis. 

Radio technicians conduct constant experimentations 
in an effort to better adapt equipment of that nature 
to the exigencies of various types of cases falling with- 
in the investigative activity of law enforcement agen- 
cies. Qualified physicists in like manner utilize the 
Technical Laboratory as a workshop for their experi- 
ments with sound apparatus and various types of sig- 
naling devices which have proved of inestimable value 
to officers engaged in investigations at the scene of 
crime. Bomb analyses, lock examinations, cryptographic 
analyses, and electrical studies are also made in order 
to give the investigating officer on the scene of the 
crime definite answers to the clues which have been 
developed during the course of investigation. 
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The vast facilities of the Technical Laboratory of 
the FBI include innumerable reference files so classified 
and indexed that the experts can, within a short time, 
search new incoming articles of evidence against these 
files to determine whether or not the current case under 
investigation is connected with any previous cases 
which have come to the Bureau’s attention. The refer- 
ence files contain fraudulent checks used in swindling 
schemes, sample writings in extortion or threatening 
letter cases, a file containing false and fictitious auto 
mobile titles, bills of sale and kindred instruments used 
in passing automobile ownership. Almost two thousand 
samples of different types and sizes of ammunition are 
used for reference purposes as well as a reference 
file on all known types of guns. A blueprint file on 
known tire tread designs, a complete footwear file, 
typewriter standards, samples of ropes and cords, wa- 
termark descriptions and different kinds of newspapers 
supplement the reference files at the disposal of the 
experts of the laboratory. 

The manner in which each type of scientific exami- 
nation is conducted could not possibly be described in 
one short article. It is clear, however, that no particle 
of evidence, regardless of its size or seeming unimpor- 
tance, can be considered too small or too insignificant 
for technical study in the Bureau’s Laboratory. In a 
recent case the deep-seeing eye of the microscope en- 
abled an expert of the Technical Laboratory to deter- 
mine that the wisp of hair found clinging to the door 
hinge of a suspected hit-and-run automobile was identi- 
cal with comparison specimens of hair removed from 
the head of the child found lying unconscious with a 
fractured skull at the edge of the highway. In another 
instance, the printed fabric found wrapped around a 
murdered victim’s neck was found to be identical with 
similar fabric found at the home of a suspect. In a 
third instance, the stain appearing upon an ax recov- 
ered at the home of a suspect which he claimed was 
only rust was found to be blood of human origin and 
vesulted from a murderous attack in which the ax was 
used on one of the suspect’s neighbors. 

In another case, the petrographer in the Technical 
Laboratory by adding polarizing elements to the micro- 
scope was able to examine the colored interference pat- 
terns produced by birefringent crystalline materials 
and thereby determine whether the soil removed from 
the shoes of a suspect was similar in mineral content 
and structure to soil taken from the area where a 
safe, which had been stolen from a local merchant, had 
been forced open and the contents stolen. Innumerable 
instances such as those cited have enabled the investi- 
gating officer, armed with the scientific findings of the 
laboratory expert, to proceed to the trial of the suspect 
and convict him in cases which a few short years ago 
would have been left unsolved, not due to a lack of 
evidence, but unsolved because existing evidence was 
not recognized as such by the investigating officers 

A brief reference to typical cases received in the 
Technical Laboratory of the FBI patently shows the 
modern necessity of utilizing every conceivable scienti- 
fic means available in the examination of evidence. A 
telephone cord and a pocketknife were submitted to the 
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Bureau’s Technical Laboratory for examination, and 
the experts there were advised that the telephone cord 
apparently had been severed by a burglar in an effort 
to delay notification of the authorities of the crime, and 
that the pocketknife had been recovered in the posses- 
sion of a suspect apprehended during investigation 
subsequent to the crime. In addition to the examination 
of other evidence sent to the Technical Laboratory at 
the same time, the experts were requested to ascertain 
whether the suspected pocketknife had, in fact, been 
used to cut the telephone cord. 

Under the microscope there were observed minute 
bronze colored stains on the cutting edge of the knife 
blade. These stains were far too small to permit their 
ready removal and identification by routine chemical 
analytical methods. It was, therefore, necessary to con- 
duct a spectrographic examination of the cutting edge 
of the knife blade which revealed the presence thereon 
of the two chemical elements copper and tin, which ele- 
ments were found by a similar spectrographic exam- 
ination of the back edge of the knife blade to be ele- 
ments not a part of the blade material itself. Inasmuch 
as a spectrographic analysis of the telephone cord in- 
dicated that copper and tin were the principal con- 
stituents of the line which had been cut, this informa- 
tion was immediately given to the investigating officers 
for their further investigation of the case. The exam- 
iner from the Bureau’s Technical Laboratory testified 
as to his findings at the trial of this case, as a result 
of which, together with other evidence gathered by the 
investigating officers, the suspect was found guilty of 
burglary and sentenced to a penitentiary for a long 
term. 

The full value of scientific examination of evidence in 
the solution of criminal cases comes to light when cir- 
cumstances and facts are considered such as those 
which presented themselves in the case of the State of 
Colorado versus Everett B. Hughes. Investigation in 
that case of the fatal killing of Mrs. Hughes by her 
husband at Pueblo, Colorado, on January 3, 1938, led 
to the subsequent arrest of Everett B. Hughes and his 
confession of having participated in the shooting. He 
strongly maintained, however, that he had acted in 
self-defense under fear of death to himself. Hughes 
presented the following version of the crime—a version 
which was difficult to controvert because there were no 
eyewitnesses to the shooting: 

His wife, the victim, hated him and had threatened 
to leave him in favor of another man. On the night of 
the killing she had become particularly belligerent and 
had seized a revolver and had started advancing toward 
him, giving every indication that she intended to kill 
him then and there. He had no chance to escape, and, 
being in fear of immediate death, he had seized a .22 
rifle standing nearby and had fired a shot which passed 
through her head and caused her immediate death. He 
was then extremely frightened and took the victim’s 
body to a spot in the country nearby where he buried 
it in a shallow grave. 

Hughes claimed that the burial was not occasioned 
by a feeling of guilt but was merely the natural con- 


sequences of his fright. The Sheriff’s Office at Pueblo, 
believed that this was a cleverly planned and deliberate 
murder, and intensive investigation into the circum- 
stances surrounding it was launched. 

It was found that Hughes had, a few days before the 
murder, secured from the victim a number of sheets of 
paper bearing her signature on the bottom. He had 
secured this writing under pretext, advising his wife 
that they were to be used to write verses on in connec- 
tion with festivities in the Hughes’ home on New 
Year’s Eve. Hughes had written a few verses on these 
slips of paper, but he had kept some and had written 
typewritten letters to his son and daughter over the 
victim’s signature, which stated that the victim hated 
him and was soon to leave him. He had even typed a 
letter to himself which contained a similar message. 
These circumstances indicated that Hughes had been 
planning the murder of his wife for some time. 

Examination at the scene of the crime indicated to 
the investigating officers that the murder had been 
brutally and quickly executed. Although Hughes main- 
tained that his wife had been shot while moving toward 
him in one part of the house, a chair, in another part 
of the house, contained stains that resembled blood. It 
appeared that Hughes had shot his wife while she was 
sitting in this chair quite unaware, but without eye- 
witnesses it was difficult to establish this fact. 

The section of the chair containing stains and ihe 
.22 caliber rifle belonging to Hughes were transmitted 
to the Technical Laboratory of the Federal Bureau of 
Investigation for extensive analyses and tests. Findings 
of the examiners in report form were furnished to the 
Sheriff’s Office at Pueblo, Colorado. 

Continued on Page Fifty-five 


Technician viewing a suspect package through the use of X-ray 
equipment. Technical laboratory, Federal Bureau of Investigation, 


United States Department of Justice. 
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Nature and Functions of Microbial 


Life in the Soil 


Vandecaveyve. Ph. D.. Slate College) 
PROFESSOR OF SOILS, STATE COLLEGE OF WASHINGTON, PULLMAN, WASH. 


The activity and functions of microbial life 
in the soil are varied and numerous, interest- 


ing and important. 


Teachers of science will be glad to have 
authoritative information conce rning the plant 
and animal micropopulation of the soil, Some 
forms are useful: some are predatory. Some 
help plants grow; some harm them. Here is a 
discussion of the common forms of soil micro- 
organisms, how the yaet, and what the vy accom- 


plish. 


In this brief article Dr. Vandecaveye has 
Succes ssfully condensed a we alth of information 
selected from his own ve ry broad field. He re- 
grets that he had to sacrifice much important 
material in the interest of brevity. We are 
sure, howe ver. that our re ade rs will he pleased 


to have the special information he offers here. 


In a practical sense the soil may be, and commonly 
is, thought of as a medium for plant growth. It is much 
more than that. 

Genetically it is a natural body composed of disinte- 
grated rocks mixed with partially decomposed organic 
matter and possessing specific, inherent characteristics 
acquired largely through the influence of climate and 
vegetation. As a center of life it is a complex body in- 
habited by an invisible micropopulation more diverse 
in character and participating in a greater variety of 
activities than the visible inhabitants of the earth. Any 
description of the nature and functions of this micro- 
population, therefore, should give consideration to the 
soil as a medium for plant growth and also to the soil 
as a natural body. Such consideration has been at- 
tempted in this article. 

The great majority of the species belonging to the 
soil micropopulation depend upon plant and animal 
residues as sources of food and energy in addition to 
needing such essential environmental factors as proper 
aeration, suitable temperature, and favorable moisture 
conditions. A soil possessing certain physical properties, 
a definite chemical composition, and a certain set of 
environmental conditions wili also possess a well de- 
fined micropopulation. Any changes in the physical 
and chemical properties of the soil will be accompanied 
by quantitative and, frequently, also qualitative 
changes in the soil micropopulation, which belongs in 
uneven proportions to the animal and plant kingdoms, 
the latter including the large majority in kinds and 
numbers. 
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The microscopic animal world in the soil is repre- 
sented predominantly by protozoa, nematodes, and 
rotifers, but not all species are microscopic in size. 
Some of the microscopic forms, however, are predatory, 
and others cause plant diseases or are otherwise in- 
jurious to plants. Although the predatory forms are 
known to destroy soil bacteria, there is very little evi- 
dence that their influence upon the microbiological 
processes in the soil in general is injurious. The pro- 
tozoa, Which probably make up the largest numbers ijn 
the soil microscopic animal world, have been studied 
most extensively also. They are most numerous in 
heavily manured soils, such as greenhouse soils, and, 
therefore, the importance of their functions and ac- 
tivity is greatest in those soils. Despite the fact that 
much has been learned regarding the distribution and 
functions of the soil microscopic animal forms in gen- 
eral, and of the protozoa in particular, present know]- 
edge of their economic importance is still so limited 
that broad generalizations are impossible. 

The microscopic plant world in the soil is represented 
by the algae, the fungi, and the bacteria, named in the 
order of their increasing importance of numbers and 
activities. 

The algae are the only soil microbes which obtain 
their energy photosynthetically. Like the higher forms 
of plant life they contain chlorophyll and are capable 
of synthesizing organic matter from inorganic sub- 
stances. The algae are universally distributed on and 
near the surface of the soil. They prefer nitrates as a 
source of nitrogen, and certain species appear to be 
capable of fixing measurable quantities of atmospheric 
nitrogen. They also exert a solvent action upon in- 
soluble calcareous materials. Since algae synthesize 
organic matter, it is possible that they may accumulate 
soil organic matter. The fact that algae populate the 
soil in considerable numbers, and can store large 
quantities of energy in addition to manifesting the 
foregoing properties all point to their importance in 
the soil, although many of their functions are not suf- 
ficiently well known to generalize concerning the role 
they may play in soil processes. 

The fungi may be subdivided into three groups: 
yeasts and yeast-like fungi, molds and other true fungi, 
and actinomyces. The importance of yeasts and yeast- 
like fungi in soil processes is not well known, but that 
of the other two groups is better understood and, there- 
fore, considered more significant. 

The genera of true fungi found most commonly in 
the soil both as to numbers of species and frequency 
of occurrence are: Zygorhynchus, Penicillium, Tricho- 
derma, Fusarium, Mucor, Aspergillus, and Rhizopus. 
They are free living heterotrophic microbes which de- 
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pend upon the decomposition of organic substances for 
energy. Their existence in the soil is closely connected 
with the decomposition of organic matter, and conse- 
quently with the formation of humus. They occur 
abundantly in soils rich in organie matter and acid in 
reaction. In view of the fact that fungi exist both in 
the form of vegetative mycelium and as reproductive 
spores, their exact numbers are difficult to ascertain, 
but their relative abundance can be estimated by plat- 
ing on suitable culture media. The numbers thus ob- 
tained range from 10,000 to 1,000,000 per gram of soil, 
depending upon soil type and food supply. 

Two important functions of fungi in soil processes 
are rapid decomposition of complex organic substances, 
and assimilation of soluble, inorganic, nitrogen com- 
pounds and minerals. The addition of farm manures, 
green manures, and other plant residues to the soil 
greatly stimulates fungus growth. The fungi assimilate 
as much as 30 to 50 per cent of the carbon and also 
relatively large quantities of soluble nitrogen for the 
synthesis of cell substance, and because of this assimi- 
lation the role of fungi in the growth of higher plants 
may be both beneficial and injurious, depending upon 
conditions. This may be illustrated by the “fairy ring” 
formation in lawns. When the spores of certain fungi 
germinate in the soil small circular areas are formed, 
and the grass, which is first stimulated by an increased 
supply of available nitrogen resulting from organic 
matter decomposition by the fungi, is later killed by 
insufficient food and moisture in the area of dense 
mycelium. The grass again develops luxuriantly when 
the mycclium decomposes and releases an abundant 
supply of available nitrogen. Regardless of any direct 
effect on plant growth, the natural consequence of the 
activity and vigorous decomposition of organic matter 
by fungi is the formation of humus and its effect on 
soil properties. 

The actinomyces, or ray fungi, are a group of or- 
ganisms whose systematic position has not been defined 
satisfactorily. Both physiologically and morphologically 
the actinomyces are differentiated from bacteria and 
fungi. They are more sensitive to acids than the bac- 
teria and particularly the fungi. Unlike the bacteria 
which form various gases from carbohydrates the 
actinomyces produce no gas other than CO». They be- 
have like fungi in this respect. Morphologically, actino- 
myces colonies are hardly distinguishable from bacterial 
colonies at the early stages of growth, but they are 
characterized later by the formation of a unicellular 
mycelium composed of hyphae showing true branching 
like those of the fungi. Thus, actinomyces are found to 
partake of the nature of both bacteria and fungi, and 
are to be classed tentatively as intermediate forms. 

A large number of species of actinomyces has been 
isolated from the soil, and in some soils these microbes 
represent 40 to 60 per cent of the colonies developing 
on agar plates. The numbers of actinomyces may range 
from 100,000 to 20,000,000 per gram of soil. All species 
take an active part in the decomposition of organic 
matter, both nitrogenous and non-nitrogenous. The 
actinomyces appear to be better able to attack the less 
readily decomposable organic substances than are the 


bacteria or fungi. In contrast to the fungi the quantity 
of mycelium produced by actinomyces is small, and 
proportionally small amounts of nitrogen are assimi- 
lated. Consequently, the decomposition of highly car- 
bonaceous organic matter by actinomyces has a smaller 
depressing effect upon ammonia accumulation than de- 
composition of these substances by bacteria or fungi. 
Claims have been made that actinomyces are capable 
of fixing atmospheric nitrogen but such claims cannot 
be accepted as positive. Important plant diseases such 
as potato scab, sugar beet scab, and mangel beet scab 
are caused by actinomyces. In soil processes the actino- 
myces play an important role in the formation of 
humus. Since they appear to be among the few soil 
microbes capable of attacking humus substances, they 
take an important place also in humus decomposition. 

The dominant forms in the soil micropopulation con- 
sist of bacteria. Their number is so great and their 
activity so varied as to defy more than a tentative 
classification. Two large groups are recognized: (1) 
the autotrophic bacteria; and (2) the heterotrophic 
bacteria. The autotrophic bacteria can thrive on purely 
inorganic substances and obtain their carbon from the 
carbon dioxide of the atmosphere. The heterotrophic 
bacteria require for their nutrition substances which 
have been built up by other organisms and, therefore, 
derive both their energy and carbon from organic sub- 
stances. 

The autotrophic bacteria in the soil are concerned 
with oxidation processes and are specific in their re- 
quirements and activities. They are represented by 
smaller numbers and fewer species than are the 
heterotrophic bacteria, but they include forms which 
are indispensable in certain soil processes. Specific 
groups of autotrophic bacteria oxidize simple nitrogen 
compounds, iron compounds, sulfur compounds, hydro- 
gen, and methane. The nitrogen and sulfur oxidizing 
groups play important roles in the process of liberating 
plant nutrients. Simple nitrogen compounds are nitri- 
fied first from ammonia to nitrites by one group of 
nitrifying bacteria, and second from nitrites to nitrates 
by an entirely different group of nitrifying bacteria. 
The sulfur compounds in the soil are oxidized to the 
sulfate form chiefly by one genus, Thiobacillus. Both 
nitrification and sulfur oxidation are important soil 
processes since plants absorb most of their nitrogen 
in the form of nitrates and their sulfur in the form of 
sulfates. All soils not extremely acid in reaction con- 
tain both groups of nitrifying bacteria, and all soils 
appear to be well populated with sulfur oxidizing 
bacteria. 

The heterotrophic bacteria make up the majority of 
the bacterial population in the soil. In numbers de- 
termined by plate counts they may range from less 
than 1,000,000 to more than 50,000,000 per gram of 
soil. On the basis of nitrogen utilization, they can be 
subdivided into two groups. The first group is composed 
of bacteria capable of fixing atmospheric nitrogen in 
the presence of carbohydrates as a source of energy, 
and is represented by the symbiotic and non-symbiotic 
nitrogen fixers. The second group is composed of 
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bacteria which require for their metabolism soil nitro- 
gen in organic or inorganic form. 

From the standpoint of soil humus and nitrogen 
economy and of plant growth in general, the symbiotic 
nitrogen fixing bacteria are the more important forms 
of the two in the first group of heterotrophic bacteria. 
They are represented by the genus Rhizobium, com- 
monly known as legume nodule bacteria. Through un- 
remitting research over a long period of years, the 
physiology of Rhizobium has become better known than 
that of any other genus of soil microbes with the re- 
sult that within reasonable limits the activity of the 
genus can be controlled to serve practical ends. By 
proper selection the “virulence”, that is, the ability of 
the organism to form nodules and benefit the host 
plant, of particular strains of various species of Rhizo- 
bium has been built up to such a degree of efficiency 
that legumes grown on nitrogen deficient soils and 
properly inoculated with homologous cultures of these 
strains utilize as much as 350 pounds of atmospheric 
nitrogen per acre annually. Unfortunately, the story 
of the economic importance of Rhizobium is not com- 
plete without mentioning the susceptibility of the 
organism to the attack of a bacteriophage which causes 
lysis of the bacterial cell and consequent reduction or 
even arrest of symbiotic nitrogen fixation. The writer 
has observed cases in which the yield of alfalfa was 
reduced 50 per cent as a direct result of bacteriophage 
infection. Adequate control of the activity of Rhizobium 
requires not only the selection of virulent strains but 
of virulent strains that are bacteriophage resistant. 

The non-symbiotic nitrogen fixing bacteria in the soil 
are represented chiefly by the Clostridia and Azoto- 
bacter. The former are anaerobic and for that reason 
are of secondary importance in cultivated soils. The 
Azotobacter is aerobic and of universal occurrence in 
the soil, although it is seldom found in abundance in 
soils having an acidity greater than pH 6.0. Azoto- 
bacter can utilize a number of hexoses, pentoses, alco- 
hols, and organic acids as sources of carbon and 
energy, but in spite of this adaptability it fixes prob- 
ably not more than 10 to 40 pounds of atmospheric 
nitrogen per acre annually, under average soil manage- 
ment practices. The potential nitrogen fixing power of 
Azotobacter is much greater than that, however, and 
intense study of the physiology and activity control of 
this genus offers a fruitful field of research. 

The heterotrophic bacteria, which require combined 
nitrogen for their metabolism, comprise most of the 
forms of bacteria developing on the common culture 
plate. They consist of spore forming, non-spore form- 
ing, aerobic and anaerobic rods, cocci, and _ spirilli. 
Various groups are known to possess certain distinct 
characteristics with respect to activity and food re- 
quirements. All groups take part in numerous soil 
processes, especially those concerning the decomposi- 
tion of organic matter and humus formation. It is in 
this connection that they, together with the fungi and 
actinomyces, play their most important role in the soil. 


While the activity and functions of soil microbial 
life are varied and numerous, fhe transformation of 
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organic matter with the production as well as destruc- 
tion of humus, forms the major ultimate function of 
this micropopulation. Humus, the dark colored organic 
substance in the soil, is chiefly the product of microbial 
activity. When plant residues are added to the soil, an 
immediate preponderant increase in microbial activity 
results, manifested by both rapid multiplication of 
organisms and profuse CO, production. Usually bac- 
terial development is stimulated first, but this is fol- 
lowed closely by a similar increase in fungal growth. 
Maximum numbers of both types of organisms are 
reached within 10 to 20 days when the major part of 
the readily available substances, such as_ sugars, 
starches, and water soluble proteins is utilized. The 
actinomyces, though stimulated from the beginning, 
attain maximum numbers only after the bacterial and 
fungal growth begins to subside, indicating that the 
former are better able to attack the less available 
organic substances, such as celluloses, fats, crude pro- 
teins and, possibly, lignins. 

An interesting feature as shown by recent studies 
by the writer and his collaborators is that the domi- 
nance of any of the aforementioned groups of organ- 
isms and the total number of microbes in the soil are 
not determined by the total food supply as represented 
by the humus content of the soil, but primarily by the 
type of humus and corresponding soil properties. The 
dominant group in the microflora of a forest soil, for 
example, consisted of fungi, whereas the dominant 
groups in a grassland soil consisted of bacteria and 
actinomyces. Under identical temperature and moisture 
conditions the total number of microbes in the grass- 
land soil with a humus content of 4.4 per cent was 
approximately five times as large as that in the forest 
soil with a humus content of 8.1 per cent. 

Many of the characteristic physical and chemical soil 
properties which serve in differentiating soil types are 
imparted by the humus and by the organic matter 
decomposition products. In the beginning stages of 
soil development the character of the micropopulation 
is influenced very definitely by temperature and by the 
chemical composition of the plant residues serving as 
microbial food, but in later stages of soil development 
it is also reflected by the type of humus and organic 
matter decomposition products formed. Thus, while the 
chief role of the soil micropopulation is the transfor- 
mation of organic matter with the resultant production 
of humus, the degree of its activity and the dominance 
of various groups of organisms partaking in the ac- 
tivity is very definitely influenced, one might say ul- 
timately controlled, by temperature and type of organic 
residues returned to the soil. Eventually this influence 
is manifested by the formation of certain definite 
physical and chemical soil properties which affect the 
character of the soil not only as a natural body, as 
developed under native vegetation, but also as a 
medium for plant growth as produced by soil manage- 
ment practices under farming. @ 
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The Microscope and Science 


® By Thomas Vincent Frank 
CATHOLIC HIGH SCHOOL, ALTOONA, PA. 


Members of the faculty of Duquesne U niver- 
sity selected this essay for the gold medal 
award in the science essay contest for students 
in Catholic high schools conducted in connec- 
tion with the University’s annual Science Con- 
ference. A silver cup, for one year’s posses- 
sion, was awarded to Mr. Frank’s school. 


This essay was written under the supervi- 
sion of Sister Mary Virginia, S.C. 

Only one prize is presented personally to en- 
trants in the contest, but this year the essays 
submitted by the six contestants whose names 
and schools are listed in another place on this 
page were deemed worthy of honorable men- 
tion. 


Anyone who has had the good fortune to enjoy a 
trip through some foreign land, no matter how brief 
it may have been, cannot help but marvel at the 
wondrous and strangely unfamiliar sights that he en- 
counters. The customs, habits and native mannerisms 
of each country appear separately as strange little 
worlds in themselves. Such distinctive peculiarities can 
be comprehensively and accurately described only 
through actual experience. The ocean steamer acts as 
an instrument whereby one is able to delve into these 
delightful educational wonders. As a result the traveler 
can pass on his experiences to the less fortunate about 
him. 

In a similar way scientists in their travels to the 
microscopic universe employ the facilities of one of the 
world’s most valuable instruments—the microscope. 
They fully realize its inestimable value. Without this 
unique but comparatively small method of transporta- 
tion, our scientific representatives could but dream of 
a journey into that mysterious world of microbes and 
other minute objects. Most certainly, they would not 
have been able to describe the many things we know 
today concerning microscopic phenomena without the 
assistance of this ever-important instrument. 

Anyone who has, at some time or other, peered into 
the long, thin barrel of a microscope can realize only 
in a partial degree the magnitude of discovery entailed 
with the creation of this wonder. By employing it, the 
almost inconceivable harmony of our invisible neighbors 
can be plainly perceived and definitely studied. It seems 
incredible that such an assembly of mirrors and lenses 
should constitute one of the greatest discoveries of 
all time. The invention and perfection of the micro- 
scope eventually prompted revolutions in practically 
every known branch of science. New industries and 
new hobbies rose to prominence. 
Continued on Page Fifty-six 
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HONORABLE MENTIONS 


The following entrants received honorable men- 
tions of equal merit in the National Science Essay 
Contest. Names are listed alphabetically according 
to states, 


Lela L. O'Neil, Holy Trinity High School, Washing- 


ton, D. C. Supervised by Sister Mary Aloysius, 
R.S.M. 
Bettie Orr, St. Gertrude’s Academy, Cottonwood, 


Alfreda, O.S.B 

Lavra J. Albert. McDonnell Memorial High School, 
Brooklyn, N. Y. Supervised by Sister Mary Cheru- 
bim Rita, 


Idaho, Supervised by Sister Mary 


Francis Sielof®, Central Catholic High School, To- 
ledo, Ohio. Supervised by Sister Marie Therese. 


Mariagnes Verosky, Divine Providence Academy, 
Pittsburgh. Supervised by Sister Mary De la Salle, 
DP. 

Edward MeChrystal, Judge Memorial High 
School, Salt Lake Citv. Utah. Supervised by Sister 
Marvy Scholastica, C.S.C. 
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Some Aspects of Blood as a 


THE SCIENCE COUNSELOR 


Physico-Chemiceal System 


By Julius Sendroy. Jr... Ph. DB. (Columbia University) 
PROFESSOR OF CHEMISTRY AND CHAIRMAN, DEPARTMENT OF EXPERIMENTAL MEDICINE, 


LOYOLA UNIVERSITY SCHOOL OF MEDICINE, 


We believe that this article may awaken 


new interests. 


Dr. Sendroy’s discussion is a brief but com- 
pre hensive treatment of an out-of-the -ordinary 
topic, presented in such a simple and clear 
manner that our readers should have little 
difficulty in following it. The accompanying 
diagram is important. We have seen no he tter 


one, 


Teachers of eve ry science will find in this 
paper new and useful information, It will bear 


re-reading and study. 


In the theoretical and practical applications of clas- 
sical physical chemistry to the study of blood, it is 
well to bear in mind that we are dealing with a fluid 
of unique characteristics and possessing unique func- 
tions. There is no better example of this specialized 
function of blood, from the physiologist’s point of 
view, than that revealed by studies of the characteristic 
properties of its constituents, which enable blood to 
transport gases between the external atmosphere and 
the various tissues. For our purposes, we may regard 
the blood itself most simply as a suspension of about 55 
to 40 per cent by volume, of red corpuscles in plasma. 
The red blood cells are biconcave discs, containing 
hemoglobin (the red coloring matter of the blood), 
lipoproteins, salts, and water. The plasma, a yellow 
fluid, is composed of proteins, phospholipins, salts, and 
water. If the blood is allowed to clot, in a change 
whereby serum fibrinogen is converted to fibrin, which 
is insoluble and removed, the resultant exuding fluid is 
known as serum. In this discussion, no distinction will 
be made between plasma and serum. 

Practically, the important physiological gases are 
carbon dioxide, (COs), and oxygen, (O2), although 
nitrogen, (Nz), is also carried by the blood. At times, 
carbon monoxide (CO), usurping the place, but not 
the functions, of oxygen, in the blood, is a decidedly 
important gas to consider. Oxygen is taken in by the 
lungs and carried in the blood stream to the tissues, 
where it is released for physiological oxidations, while 
at the same time, COs, the product of combustion, is 
removed and carried to the lungs, where the excess is 
exhaled. In this way, gas transport plays a vital role 
not only in the processes of external and internal 
respiration, but also in the maintenance of body 
neutrality. 

CO2, Oz, and CO are found, and transported mostly 
in bound or combined form in the blood. CO», exists 
mainly as bicarbonate, BHCOs; (where B is an alkali, 
sodium (Na) in the plasma, and potassium (K) in the 
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cells), with a small portion present as carbamate, main- 
ly in the cells in which it is attached to hemoglobin, 
HbNH.COOK (where Hb denotes the hemoglobin 
molecule, an amino group (NH») of which has com- 
bined directly with CO»). The oxygen (and CO) forms 
a compound wherein it is loosely attached to the 
hemoglobin molecule, so that association and dissocia- 
tion occur reversibly with ease: 


(1) Hb Os = 


However, these gases, together with Ne, are also 
present in blood in uncombined form, simply physically 
dissolved in plasma and cells. Although the portions of 
CO» and O» present in this latter form at any one time 
are quantitatively small, nevertheless, they are physio- 
logically highly important, as it is in the physically 
dissolved state that the gases enter and leave the 
blood and tissues. (Roughly approximated, CO, in 
blood is transported 87 per cent in the form of bicar- 
bonate, 8 per cent as carbamate, and 5 per cent as 
carbonic acid.) 

With the aid of Figure 1, a simplified version of the 
processes of the normal exchange of gases between 
lungs and the atmosphere may easily be followed. In 
using the dynamic diagram indicative of the various 
interrelationships involved, for the sake of simplicity 
we shall observe what takes place during the course 
of a single respiration as the blood is converted from 
the venous to the arterial state. Blood is shown as an 
isolated portion of fluid, with a single red blood cell 
surrounded by plasma. So effectively are some of its 
contents confined within the red cell while at the same 
time some plasma constituents are kept from enter- 
ing, that the cell surface may be regarded as being 
very much like a physical, semi-permeable membrane. 

At the beginning of inspiration, O2 from the at- 
mosphere, where it is present at a partial pressure of 
about 150 mm. of mercury (20.92 per cent), enters 
the lungs, mixes with the alveolar air (neglecting the 
dead-space air which is functionally inactive, and of 
the same composition at the end of inspiration as is 
the outside air) and is thereby reduced to a pressure 
of about 100-110 mm. of mercury. The O» then passes 
into the pulmonary alveoli of the lung capillaries, and 
into the circulating blood (here more properly, first 
into the plasma) by a process of simple diffusion. The 
venous blood, a portion of which now comes within 
range of our observation (Figure 1) at this precise 
moment, is at an O» tension of about 35 mm., having 
previously deposited a large part of its oxygen in the 
tissues. By the diffusion of oxygen from the alveoli 
there is now a restoration of the lost Oo, but because 
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of the relative slowness of the diffusion (the rate of 
which for Ov is about one-twentieth to one-thirtieth 
that for CO.) there results a pressure gradiant such 
that the arterial plasma is constantly at a lower ten- 
sion or partial pressure of O» (about 75-100 mm.), 
than that of the alveolar lung air (100-110 mm.). 
Diffusion of oxygen continues, and the gas passes 
through the cell wall from the plasma, in a rapid 
equalization process whereby the Os tension of the 
red blood corpuscle is likewise increased from 35 mm. 
to 75-100 mm. 

In the plasma, the oxygen exists only in the simply 
dissolved state. In the cell, however, most of the dis- 
solved Ov, as it diffuses in, is immediately combined 
with the hemoglobin anion (Hb ) resulting from the 
dissociation of the venous, reduced hemoglobin, HHb. 
The oxyhemoglobin into which the reduced hemoglobin 
has now been converted, acts as a stronger acid, with 
an increased dissociation of an “oxylabile” hydrogen 
ion (H’), with the net result shown by the equation: 


(2) HHb~O. —H HbO. 


At the same time, the bicarbonate compound in the 


cell dissociates: 
(3) KHCO, — K° + HCO, 


(In the cells, salts occur mainly with potassium as 
cation, whereas in the plasma, sodium is the pre- 
dominant base.) The K’° ion unites with the hemo- 
globin, which in the oxygenated state possesses an in- 
creased base-binding power, to form potassium hemo- 


globinate: 
(4) kK KHbO. 


Simultaneously, carbonic acid, H»COs, is formed by the 
union of H® ion and HCO 
ions in the presence of each other, in the increased 


ion, Which cannot exist as 


concentrations arising from the dissociations indicated 
by Equations (2) and (3). 

At this point, the physico-chemical conditions within 
and outside the cell are favorable for the release of 
free, uncombined COs. However, the liberation from 
the blood of amounts of free CO» sufficient to satisfy 
physiological requirements must be accomplished dur- 
ing the time it takes a red cell to traverse the lung 
capillary. The time of such passage is of about 1 see- 
ond’s duration, ordinarily far too short to permit, by 
a simple, physical process, the rapid unloading of CO» 
which actually does take place from the system. 
Fortunately, however, there is present in the cell, but 
not in the plasma, the enzyme carbonic anhydrase, 
which readily catalyzes either dehydration of H»COs. 
with release of COe, or uptake of the gas by hydration. 
In the present case, the former process takes place. 
The complete equation for the reactions giving rise 
to free COs from bicarbonate is 


(5) H HCO, — HeCO, — + CO. 


The COs gas, which is at a tension of 45-50 mm. in the 
venous blood entering the lung, readily diffuses out of 
both cells and plasma, so that both, in the arterial 
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state, are very nearly in equilibrium with the alveolar 
air, at a COs tension of about 40 mm. 

The discharge of COs from the blood is facilitated in 
other ways. When reduced hemoglobin is oxygenated, 
the carbamate salt is dissociated: 


(6) HbNH.COOK — K° HbNH.COO 


With further dissociation, the net total effect is ex- 
pressed by the equation: 


(7) KHbCO, — K’ + Hb COs 


Thus, the dissociation of the carbamate, which binds 
alkali as does bicarbonate, renders available more base 
for union with oxyhemoglobin, and at the same time 
releases labile CO». (The plasma proteins also form 
carbamate compounds the role of which in CO» trans- 
port is very slight.) 

In the liberation of free CO» from the blood, another 
mechanism comes into play, namely, that involved in 
the approximation of, or tendency toward equilibrium 
between the electrolytes of the plasma and those of the 
red cells. In such a system as that shown in Figure 1, 
where there is separation by a semi-permeable mem- 
brane through which sodium ion, potassium ion, and 
the protein anions are non-diffusible, equilibrium is ap- 
proached when reactions take place in the direction 
satisfying the following theoretical requirements for 
physico-chemical balance: (1), that on both sides, in 
cells and in plasma, the negative ions be quantitatively 
balanced by the positive ions; (2), that the distribution 
of the ions be in accord with the Gibbs-Donnan Law as 
expressed by the equation 

(8) [A] [B] [Cc], [DP]. 
[C ] ] 
for cations (A’, B’, ete.) and anions (C, D, ete.) on 
both sides (i and o) of the membrane; and (3), that 
the two sides be in osmotic equilibrium. Accordingly, 
loss of bicarbonate from the cell as free CO», is fur- 
thered by the passage from the plasma into the cell of 
additional bicarbonate ions. This also serves to offset 
the loss of COs from the cells as HCO, , and from the 
plasma as free COs, and tends to compensate for the 
resulting slightly increased alkalinity of the plasma. 
However, migration of HCO ions into the cell can 
take place only by a simultaneous shift of an equal 
number of chloride (Cl) ions in the opposite direction, 
from the cells into the plasma, and approximately to an 
extent whereby the Gibbs-Donnan equilibrium is main- 
tained: 
(9) [HCOs f{Ccl 
[HCOs [Cl 
Thus, as HCO; ion is lost from the cells as COs, the 
ratio [HCO, ].: ], becomes less than the ratio 
[Cl ].: [Cl ],. Balance is restored to an approximate 
equality of ratios, by a migration of ions in opposite 
directions. In shifting from cells to plasma, the Cl ions 
leave behind K’* ions available for other anions (oxy- 
hemoglobin) and find awaiting them an equivalent num- 
ber of Na’ ions from bicarbonate dissociation. 
Experimentally, the two anionic ratios above are 
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Science as an Adventure 


® By W. L. Eikenberry,. Se. D. (Mt. Morris College) 


STATE TEACHERS COLLEGE, TRENTON, N. J 


Modern youth craves adventure as eagerly 
as did those soldiers of fortune of older days 
who explored the far corners of the earth. 
Since there are now but few unknown lands, 
the spirit of adventure must be satisfied in 
other ways. In seeking new outlets we should 
not overlook the appeal of investigations in 
the field of science. 

Dr. Eikenberry’s discussion of the problem 
is both interesting and practical. 


This paper is a portion of an address deliv- 
ered by Professor Eikenberry at the recent 
Duquesne University Conference for Teachers 
of Science. 


Man is ever a venturesome animal. In the days of 
his infancy, when he can first creep on the floor, he must 
needs investigate every forbidden corner in the house, 
pull down all the books and papers, climb upon every 
high object. A little older, he is not satisfied until he 
has explored the garden paths or lost himself in the 
woodlot across the way. Grown to manhood, the same 
urge for adventure sends him to the far corners of the 
earth to stake his life against savage animals, wild 
men, tropical fevers, or arctic rigors, if only he may 
adventure where few or none have tried before. 

One generation of youths went to sea and sailed those 
marvelous clipper ships on voyages the like of which 
the world has not seen since. Another generation 
dreamed of killing buffalo and fighting Indians, and did 
in fact explore and subdue our great West. The present 
generation has taken to the air, quite in the spirit of 
the captains of the clipper ships, and the youth of to- 
day look with shining eyes upon the ships of the sky. 
Adventure, each generation will find. 

It may be that Americans are a particularly venture- 
some people. Certain it is that our forefathers were 
those who were bold enough to leave home and country 
to try their skill and hardihood in a new and wild coun- 
try. It was the spirit of adventure as much as anything 
else that sent, the thin line of pioneers from the Alle- 
gheny Mountains to the Pacific coast in less than a 
century. Many an American family traces its history 
in a series of westward movements, always on the 
frontier, for three or four generations; and in this 
hard school their youth found adventure. 

The frontier is gone. The onward flow of population 
has covered the country. The buffalo are in parks and 
zoological gardens; the red men are seeing the Wild 
West in the cinema, driving in automobiles or living on 
oil royalties. One must resort to a government reserva- 
tion to find a bit of wilderness. There is little left to 
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explore; but there are other opportunities for adventure. 
In all ages there have been those who adventured 
into a world of new ideas. The unknown savage who 
first tamed fire and reduced it from a scourge to a 
servant, who brought it into his cave and bade it warm 
him and cook his food, was a great adventurer. The 
primitive artizan who chipped the first crude stone tool, 
the hunter who first domesticated an animal, or he who 
brought plants into cultivation, each of them was a 
great explorer who opened to mankind a _ heritage 
greater than continents and oceans. 

Scientific investigators are the lineal descendants 
of the Stone Age men who learned how to bring fire, 
stone, plants and animals under control. Men who in 
earlier periods might have been exploring new and un- 
known parts of the earth’s surface are now exploring 
new continents in the physical and biological sciences, 
thus bringing the phenomena of nature under control. 
The present is a period of scientific discovery as the 
sixteenth century was a time of geographical explora- 
tion. In two centuries following Columbus, people 
came to know more about the geography of the earth 
than in all previous human history; in the past two 
centuries more has been learned about the nature of 
the earth and about the nature of natural phenomena 
than had been learned in all human history. This is 
the epoch of the scientific investigator. 

Those who have won this new knowledge have dared, 
have risked, and have suffered as greatly as did any 
explorer in tropic jungle or arctic snows. In order 
that we might know how to use the new knowledge, 
they have sacrificed health and even life itself in work- 
ing with x-rays. They have died of yellow fever, of 
typhus, and of other diseases in order that means of 
prevention or cure might be known. They have labored 
in the laboratory, on mountain tops, in the air, beneath 
the sea, by day and by night, in order that new knowl- 
edge might be won. 

The fruit of knowledge is power. Knowledge of the 
laws of nature has given men power to accomplish 
tasks far beyond even the dreams of earlier genera- 
tions. Thus, the earlier explorers found here a conti- 
nent and showed us both its outline and the character 
of its interior, but there were few who could foresee 
a great future for it. By most people it was looked 
upon as a source of gold or other forms of easy wealth; 
there were few that cared to make their homes here. 
The great prairies of the interior offered no gold and 
were considered to be of minor value. Possibly this es- 
timate was true, when men farmed with the tools of 
the Romans and depended upon oxen for transport. 
However, just as the tide of settlement finally filtered 
through the forests and out upon the prairies, the ap- 
plication of the new scientific knowledge supplied the 
settlers with the steel plow to turn over the soil, the 
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reaper with which to harvest the crop, and the steam- 
boat and railway with which to transport the harvest 
to market. Almost immediately the prairies became the 
breadbasket of the world and their bounty overflowed 
to all the earth. Thus have man’s discoveries given him 
power to control the material world to his own advan- 
tage. 

The bodies of men have not greatly changed since 
the Stone Age. The Cave Men were not greatly differ- 
ent from ourselves. In sight, in hearing, in bodily 
strength, and possibly in mental keenness we do not 
surpass them. But, because during the intervening ages 
we have learned to devise mechanical supplements to 
our senses, we can see that which they could never 
see, we can hear what they never could hear, and we 
even perform tasks for which their strength was ab- 
surdly inadequate. The telescope, microscope, radio, 
steam engine, automobile, airplane, and a host of other 
devices have extended our own limited senses and 
powers, Such have been some of the great adventures 
of the human race as it has ever pressed against new 
and old frontiers. 

The boys and girls who are in your classes are no 
less adventuresome than those of earlier generations. 
They, too, are looking for life’s thrills, and they are 
going to find adventure somewhere. Are we ready to 
enable them to find in the new frontier of science some 
of the opportunities which appeared to be lost in the 
passing of the old frontier? If we do this we shall save 
many of them from the fatal adventures that lead in 
the ways of degradation and crime. We may even have 
the great satisfaction of seeing some of our own pu- 
pils in the ranks of the scientific investigators who are 
pushing back the boundaries of darkness. 


The question that we must all face is, how are we 
teachers of science to make sure that at least a con- 
siderable proportion of our pupils shall find in scien- 
tific studies a real and satisfying adventure? In more 
pedagogical language, what methods shall we use? 

A partial reply is to say that the very subject mat- 
ter of science constitutes a new world. A look through 
a telescope or a microscope is a real adventure, open- 
ing vast and entrancing vistas. Likewise, most of the 
phenomena of physics, chemistry and biology are new 
to high schoo] pupils. Such pupils are yet in the stage 
of getting acquainted with their environment. A large 
number of them will be greatly interested merely in 
securing the answer to the question ‘“‘What is it?” This 
is good, but it is not enough. 

Most of us have learned long ago that most children 
are hero-worshipers. They like to read the story of 
adventurous lives. We have responded by regaling them 
very largely with the lives of military heroes, or with 
the military phases of the lives of those whose activi- 
ties were only partly military. Thus, one who listens 
to the radio addresses on Washington’s Birthday could 
scarcely conclude therefrom that he was not only “first 
in war,”’ but also “first in peace.”’ We have neglected 
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almost wholly the heroes of science, whose construc- 
tive activities are more dramatic, more self-sacrificing, 
and more valuable. We science teachers have scarcely 
used the inspirational material which is ready to our 
hands in the history and biography of science. What 
marvelous stories we could make if we set ourselves 
to it, out of the struggles, failures and successes of 
such men as Pasteur, Koch, Lister, Steinmetz, Father 
Nieuwland, Einstein, or a hundred others. 

The essence of the scientific method is the solution 
of problems—the investigation of the unknown. Youth 
likes to solve problems, too. Our pupils ought to have 
opportunities to solve real problems that are of in 
terest to them. The writer well recalls the best lesson 
on this point that ever came to him, for the lesson was 
taught by a ninth grade science class. They were study 
ing winged seeds in accordance with the demands of 
the syllabus and the textbook. “Lay the fruit on its 
side and draw, labeling the wing, the seed, ete.” Ac 
tually they were surreptitiously dropping the seeds io 
see them spin. The discipline was not above criticism. 
In after-school ponderings on the reasons for the dis 
order, it occurred to me that in fact the class, not the 
teacher, was right. They were trying to find out some 
thing, and I was trying to prevent them from doing so 
The next class was asked to start study by dropping 
the seeds and watching them descend, under controlled 
conditions. The resuit was a happy, interested class 
which was solving a problem and therefore learning 
something. There are problems in plenty; it is for us 
to find them and use them. 


My last point as to method is that problems must 
be solved in the presence of the materials and phe- 
nomena involved. The pupils must in most cases handle 
the objects and perform the experiments, as they al- 
most universally wish to do. You can call it laboratory 
work, child activity, individual instruction, supervised 
study, or by any other name. I care not, so long as 
the pupil is doing things himself and not merely watch- 
ing someone else. I am well aware that there has been 
a school of thought which has asserted that a child can 
learn even better by watching than by doing, but the 
case is far from proven. The dictum of the great Agas- 


siz was “study nature, not books.’’ Some of our friends 
seem to have made it read “study books, not nature.” 
A more conservative course is to study both nature 
and books. 

To the present generation of science teachers it is 
given to lead adventurous youth, deprived of the outlet 
for its energies that served its predecessors, to find a 
real satisfaction and adventure in exploring the fields 
of science. In so far as we succeed, we shall have the 
satisfaction of having given to them a_ constructive 
vocation or avocation, of saving at least some of them 
from destructive pursuits, and of having guided at 
least a few into the ways of discovery and investiga- 
tion by which the limits of our ignorance are pushed 
farther back. @ 
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Brother Hugh Martin is an experienced 
teacher who has his own ideas about how 
physics should be taught. They are good ideas. 
He expresses his thoughts clearly and candidly. 

You will be interested in what he has to say 
about mathematics and physics, about making 
study too easy for the pupil, about objectives, 
problems, workbooks, teaching devices and 
many other things. 

This paper was presented recently before 
the Chicago Catholic Science Teachers Asso- 
ciation. 


In metaphysies they say that the end comes first, 


meaning thereby that though the end is the last to be 
attained, yet it must be first in the intention of him 
who acts. Now in discussing problems which arise in 
the physics class we can also affirm that the end comes 
first, for in order to know what is a problem and what 
not, we must first know what end we are trying to 
achieve. Education might be characterized as a har- 
monious development of the faculties in order that the 
individual might better reach his end. If such a defini- 
tion holds, and it seems to me to cover the case pretty 
well, then we must see how the subject of physics pro- 
motes this harmonious development of man. 

Physics, in my opinion, contributes to the education 
of man in three definite ways: (1) by its informational 
content; (2) by its disciplinary character; and finally 
(3) by its so-called scientific method. 

By informational content is understood that body of 
wonderful facts about the physical universe, and that 
deeper insight into every-day phenomena, which is im- 
parted so aptly by the science of physics and which can 
produce such a profound impression on the human 
mind. This, we think, is the first and grandest contri- 
bution of physics to education. Equipped with scientific 
knowledge, the individual begins to come out into the 
broad daylight and understand what he sees taking 
place on all sides. No longer does he harbor the super- 
stitions and prejudices of ignorance, but he adopts a 
matter-of-fact attitude towards truth. 

But there is also the disciplinary character of phys- 
ies. The discipline of this science is its ability to present 
a challenge to the higher faculties of the mind, its 
capacity to afford us a mental “workout”, if we might 
borrow a term from athletics, and this discipline arises 
from the mathematical nature of physics. The rigorous 
mathematical laws of technical physics offer perhaps 
the best opportunity for the boy to see how the algebra 
and geometry he has studied enter into the constitution 
of the real world about him. One sometimes hears 
pedagogues decry the emphasis put on mathematics in 
this science on the ground that the pupil is studying 


Problems in Teaching Physics 


®By Brother Hugh Martin. F.S.C. 


ST. GEORGE HIGH SCHOOL, EVANSTON, ILLINOIS. 


the underlying principles and is not taking a course in 
applied mathematics. They make mathematics a rock 
of scandal. Such criticism, it seems, is unfortunate. 
Were you to take away mathematics you would take 
away the physics together with it, so closely are the 
two associated. Moreover this idea of diluting the cur- 
riculum by eliminating difficulties is detrimental to the 
interests of the brighter boy and harmful to the de- 
velopment of the intellect. Too much of modern educa- 
tion is passive and to little of it is active. To confine 
education to the passive reception of facts makes way 
for mental laziness. It takes some virile mathematics 
to give the lad a chance to set his logical powers in 
action. 


Finally we come to the scientific method. Not the 
least benefit of physics is to aid the individual in acquir- 
ing a scientific frame of mind. Although it is true that 
most boys will never be called upon to make an accu- 
rate scientific measurement after they leave the physics 
laboratory—they never again measure the voltage of 
their electric circuits, or the mechanical advantage of 
a lever—yet they should carry with them a scientific 
outlook which would lead them to check their logical 
conclusions with the facts, to verify their reasoning 
by experiment, and to keep an open mind towards the 
truth. If they will not be producers in science, they 
should at least become intelligent consumers in science. 
With all the fads and quack advertisements of today 
it is no small advantage to have an intelligent, scienti- 
fic outlook on such things. 

With these three benefits to be attained from physics, 
the information, the discipline, and the scientific 
method, the teacher has his work cut out for him. A 
number of difficulties crop up both for student and for 
teacher. After all, I suppose both have about the same 
difficulties, for what is a difficulty for the student is 
ipso facto a difficulty for the teacher. In the first place, 
it is hard to adjust the course to give due prominence 
to each of these objectives. I suppose the average boy 
signing up for the physics course does so with the idea 
that he is going to learn something new and mysteri- 
ous. So it is important to keep the class interested by 
offering an abundant and varied diet of interesting 
facts and demonstrations. I find it useful, whenever 
possible, to produce some piece of apparatus or ma- 
chinery to illustrate what is being said during the lec- 
ture on the subject. A tin shears, a crow bar, a drill, 
anything to let them see and handle will serve. If one 
can succeed in keeping up the wonder and interest of 
the class, he is a long way towards his goal. 

Then there is the mathematical side of physics to 
attend to. Doubtless there is a good fraction of the 
class who wouldn’t mind if you never mentioned mathe- 
matics, but also there are always a number who are 
naturally gifted along mathematical lines, or who in- 
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tend to pursue science in college—possibly with the idea 
of taking engineering. This last group must be con 
sidered, and with this in mind it is well to give a solid 
mathematical framework to the course. When it can 
be arranged, I believe it is a distinct advantage to have 
the physics teacher teach the same class advanced 
algebra as well. Only in this way can the two subjects 
be made to help each other to the fullest extent. But 
we must take heed not to stress mathematies unduly 
lest many be estranged from the course. Hence, in 
assigning problems to the class I often try to include 
some mathematical ones and some non-mathematical, 
in order that everybody will be able to work some of 
them. To challenge the particularly bright ones, a diffi- 
cult problem can be assigned as optional, with the re- 
ward of a bonus towards the week’s mark. That this 
is an incentive was shown by one lad who wrote next 
to his problem that we had corrected in class, “Brother, 
don’t forget this one when making out the week's 
mark.” 

I find it useful to require that they write the formula 
on Which the problem is based before starting to solve 
it. This makes for logical thinking. And when substi- 
tuting in the formula they are required to keep the 
units after the numbers substituted and cancel: pounds, 
feet, ete., just as they would the numbers themselves. 
In this way it is easy to arrive at the correct units 
in the answer, and furthermore it serves to eliminate 
the errors that arise from mixing English and metric 
units or mixing different denominations of the same 
unit, such as centimeters and meters. Thus if the prob- 
lem were to find the pressure at the bottom of a water 
tank one hundred feet high, the formula would be: 


P h d 
substituting: P 100 ft. 62.4 lbs. /ft.* 


canceling ft. units 
and multiplying: P — 6240 lbs./ft.- 


Problems that have some bearing on the boys’ daily 
experiences are excellent, for they connect up the sub- 
ject matter with practical affairs. In this way the mind 
gets a concrete grasp on the principles. 

In connection with the mathematical side of physics 
it may be useful to introduce a little side activity. I 
refer to the operation of the slide rule. It usually hap- 
pens that a number of boys have the ambition to be- 
come engineers and somehow or other they picture an 
engineer as a rough and ready fellow in leather boots 
carrying a slide rule. They jump at the chance of 
learning how to multiply and divide and perform other 
operations on the slide rule. We introduced lessons on 
the slide rule at St. George High School this year which 
were attended by about twenty boys. They obtained 
inexpensive rules for a dollar or so, and were quite 
enthusiastic on the subject. A large Manheim demon- 
stration rule, seven feet long, was procured which aided 
in teaching the whole class at a time. The slide rule is 
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of use in solving problems and computing the results 
in experiments, and of course, is a useful acquisition 
to anybody’s fund of information. 

The scientific method, one of the big objectives of the 
study of physics, is to be taught through the work done 
in the laboratory. The emphasis on laboratory work 
and individual experiments is characteristic of scienti- 
fic pedagogy in America. They tell us that far less 
stress is put on experiments in Europe. There is con 
siderable discussion relative to the manner of conduct 
ing laboratory experiments. Should the experiment pre 
cede the study of the theory, or should the theory 
precede the experiment? This seems to be the bone of 
contention. It is true that in the original development 
of science, experiments are usually performed to bring 
to light the hidden truths of nature, and the argument 
is that if this is the scientific method, why not follow 
it in the laboratory. 

On the other hand, as somebody said, it would take 
ten years to get the full benefit out of the experiment 
if we had to approach it in the same state of ignorance 
in which the law was first discovered. I am for the 
system of explaining clearly the theory and laws be- 
fore going into the laboratory, and making the experi- 
ment consist in a verification and illustration of the 
principles already known. Much time can be wasted in 
the laboratory if the students are allowed to flounder 
about in the dark, so to speak. High school pupils ought 
to know just what they are required to do and the why 
and wherefore of the experiment, if they are to derive 
the full benefit. As it is, some act in the laboratory as 
if they were in a labyrinth, so befuddled are they by 
the maze of apparatus. Usually they are the ones who 
missed the explanation. 

While we are talking about experiments, the subject 
of a laboratory manual comes to mind. Unfortunately 
a certain teacher has been plagued with a poor labora- 
tory manual—a so-called physics workbook. If anybody 
is looking for advice, let me tell him to beware of work- 
books. They certainly mean work—hard work for the 
teacher and poor work from the pupil. Of course every- 
one is entitled to his opinion, but I don’t favor the 
system of limiting the experiment writeup to filling out 
a form sheet, tearing along the dotted line, and hand- 
ing in. Moreover the workbook I have in mind is so 
contrived as to limit each experiment to a_ single 
method of procedure, and often requiring a new type 
of apparatus at that. However, I suppose we have to 
bear up with the evils that beset us—cven with poor 
laboratory workbooks. @ 
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of Biology Teachers 


The National Association 


® By P. K. Houdek, Secretary-Treasurer N.A.B.T. 


TOWNSHIP HIGH SCHOOL, ROBINSON, ILLINOIS. 


The Editor requested Mr. Houdek to prepare 
this article so that this new Association could 
be brought to the attention of all the biology 
teachers in Catholic high schools throughout 
the country. Every teacher in the field should 
consider joining it. 

We have learned that a considerable number 
of the more progressive teachers in the Cath- 
olic schools have already become members. An 
officer of the Association reports that in a 
number of cases they have already given help- 
ful suggestions. He states that the Association 
is glad to have them join because of the high 
standards that the teachers in Catholic schools 
maintain in their training and in their attitude 
toward their work. 


A national survey indicates that there are approxi- 
mately twenty thousand teachers of biology and related 
sciences in the high schools of the United States. Prior 
to 1938 there were but six scattered organizations of 
biology teachers. Teachers in other sciences had long 
since perfected numerous organizations and in a num- 
ber of cases had established national associations. 

Research biologists and professors of biological 
sciences in many of our colleges and universities have 
long seen the need of strengthening the teaching of 
biology in the high schools. The recognition of this need 
was crystallized when the Union of American Biological 
Societies established a committee on the teaching of 
biology, under the leadership of Dr. Osear Riddle of 
Carnegie Institute. After a survey of the field this 
committee was able to secure a grant from the Car- 
negie Foundation to promote the teaching of biology. 
The first work of this committee was the establishment 
of The National Association of Biology Teachers. 

On July 1, 1939, fifteen biology teachers, represent- 
ing 1500 biology teachers in thirty-five states, met in 
New York City, organized the National Association, 
elected officers, and established their journal, The 
American Biology Teacher. 

The purpose of the national association is to organ- 
ize biology teachers in secondary schools on a national 
basis, whenever possible, by forming local biology 
teacher associations, in order to: 

a. Facilitate the dissemination of that biologi- 

cal knowledge which is most vitalizing and 
useful to the public in everyday life. 

b. Encourage scientific thinking and the util- 
ization of the scientific method through the 
teaching of biology in our schools. 

ce. Make available to high school teachers in- 
formation concerning the selection, organiza- 


tion and presentation of biological materials; 
and to advance and strengthen the relation- 
ships of the subject to other sciences and to 
education as a whole. 
d. Provide a national journal dedicated to the 
foregoing objectives. 

The association is governed by an executive board 
composed of its officers, and the editor in chief and the 
managing editor of the journal. By constitutional pro- 
vision, a majority of the executive board must be class- 
room teachers of biology below the college level. The 
officers are classroom teachers of biology; they are in 
touch with the problems that an association can help 
to solve. 

The journal, The American Biology Teacher, con- 
tains fundamental articles, methods, devices, materials, 
projects, news, equipment, books, research, club sugges- 
tions, exchange service and other types of articles of 
practical value to biology teachers. The editorial staff 
includes many of the recognized national leaders in 
biology and education. Requests for sample copies 
should be addressed to the secretary-treasurer. 

Local organizations of biology teachers are given all 
possible aid and cooperation by the national association. 
It is recognized that great value is to be derived from 
local meetings. Teachers are urged to form and support 
a local group wherever possible. Where sufficient in- 
terest is shown, the national officers will assist in the 
formation of local organizations. Interested teachers 
singly or in groups are urged to join the association 
and to communicate with the officers concerning organ- 
ization plans. 

The following local, state and regional organizations 
have already affiliated with the National Association: 
Biology Teachers Club of Southwestern Pennsylvania 
Chicago Biology Round Table 
Detroit Biology Club 
Greater Cleveland Biology Society 
Illinois Biology Teachers Association 
Kansas Association of Biology Teachers 
Miami Valley Biological Society 
New England Biological Association 
Southern California Association of Biology Teachers 
The New York Association of Biology Teachers 
West Central Indiana Biological Society 
Membership is open to anyone interested in the 
teaching or promotion of biological science. The dues 
of $1.00 per year, include a year’s subscription (eight 
issues) to the official journal. Applications for mem- 

bership should be sent to the Secretary-Treasurer. 

Its considerable growth in membership since its or- 
ganization is evidence of the welcome that this new 
association has received from biology teachers over 
the country. Averaging over one hundred new members 
each month, the membership now includes teachers in 
forty-four states, several Canadian provinces, and two 
foreign countries. @ 
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A Course in Nature Study 


® By David W. Rial. M. A. (Clark University) 


PITTSBURGH PUBLIC SCHOOL SYSTEM. 


Nature study in Nature’s own laboratory! 
Nothing could be more appropriate. 


Whatever materials are at hand can become 
good teaching devices if the scientific back- 
ground of the teacher is broad enough. 


This is a story of an unusually interesting 
out-of-doors summer course for teachers con- 
ducted by an expe rienced and enthusiastic in 
structor, Viee Principal of the Frick Training 
School for Teachers, Pittsburgh. It contains 
many suggestions concerning materials and 
procedure ~ that should he helpful to teachers 


of ScIicnce iW Se condaru schools. 


\ friend once designated a course in nature study as 
an attempt to describe the Universe and give two ex- 
amples. Facetious as such a remark may be, perhaps it 
is not too inept after all. 

But just what should be included in such a course 
for a summer’s work in this field? 

The problem becomes increasingly difficult of solution 
in view of the fact that the many subjects’ which 
might be touched upon in such a series of studies are 
major courses in colleges and universities. However, 
during a summer session of Duquesne University, the 
author attempted a solution of the problem by follow- 
ing a laissez faire policy. The outline of the summer’s 
work was planned as definitely as it might be, but 
sufficient flexibility was given it to permit individual 
or class interests to dominate the situation. A further 
stimulus to such a program was added when it was 
decided to give the course at Mt. Alvernia, the Mother 
House of the Sisters of St. Francis, located in a busy 
suburb of Pittsburgh. 

The grounds surrounding the building are unique in 
many respects. Included within the boundaries of the 
premises is an area of about thirty acres. This com- 
prises a rich, tillable hilltop suitable for vegetable and 
orchard farming, some grassy slopes, and a deep ra- 
vine covered with a dense vegetation of trees and vines, 
a suitable hiding place for certain types of animal and 
vegetable life. 

The physiographic aspects of the locality are any- 
thing but monotonous. In geological circles the terrain 
of the Allegheny region at the forks of the Ohio is 
known as the dissected peneplain type. This affords 
the student near Mt. Alvernia a splendid opportunity 
to study some of the geological structure of the region. 

The neatly kept campus portion of sloping meadow- 
land presents ample opportunities to study permanent 
grasses, and a considerable variety of wild and culti- 
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vated flowers. There is also a large assortment of both 
hard and soft wood trees, mostly native wood, and a 
few of foreign origin whose habits were intriguing to 
study. In brief, here was a laboratory inexhaustible in 
resources, where we might listen to nature as she spoke 
her various languages. 

The first hour of the morning was given over to lec 
tures, reports or discussions of observations that had 
been made. Then, sometimes in groups, sometimes in- 
dividually, the class left the classroom to study in the 
outdoor laboratory. Later, perhaps, specimens of plant 
and animal life were brought in for closer study with 
the microscope or dissecting instruments. Often the 
class could get no farther than the front steps, so de- 
manding were the observations to be made in every 
direction. Standing quietly, one could note the song of 
the cardinal, the meadow lark, the field sparrow, the 
wood thrush, or away in the distance a bobolink. At 
tempt at imitation of bird calls serves a double pur- 
pose, a quicker identification and a desire for more 
intimate knowledge of their lives. Pursuing such a pur- 
pose, we studied the nesting habits of the wren, robin, 
English sparrow, and other birds that prefer nesting 
close to human habitation. 

In the distance the old base levels of the Allegheny 
and Ohio River system could be observed with the even 
skyline so significant to the geologist. 

Whether near or far, here were many inviting ob 
servations arousing one’s curiosity and asking for solu- 
tion. We would study both nature and books,—Books 
at our will or peril.—Nature as she wooed us, but in 
whatever direction she might lead. 

Projects or interests galore presented themselves and 
‘alled for investigation. Like Kilpatrick’s idea of edu- 
cation, one idea grew into another, and as one pro- 
gressively developed, another appeared and demanded 
study. But to illustrate: 

A bird bath was needed for the center of a canna 
bed. A shallow place was hollowed out in a stiff clay 
near the greenhouse. The shape of the hollow was 
exactly the form desired for the underside of the 
bath. Many had never seen a concrete mixture made. 
What proportions of sand and gravel should be used? 
How would the thickness of the concave dish be 
determined? Should it be reinforced? Where would we 
get the sand? Could we use the loamy sand at the foot 
of the garden path, instead of sharp river sand? 
Where would we seek answers to such questions? Who 
makes a study of such problems? 

To shape the concrete, wooden pins (matches) were 
driven into the mold for thickness determination, like 
engineers drive spads into an area for leveling. Since 
smoothing the concrete mix of sand and cement was 
too awkward for a trowel, the hand became the most 
convenient instrument for such a purpose. Into the 
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smoothed surface leaves of many trees, crazy patch 

like, were pressed. A few days later when our creation 
was removed from “the forms,” the interior of the bath 
had written into it a simulated fossil story. 

The isolation and quietness of the grounds seemed to 
be an invitation to many birds to make it their meet- 
ing place, Had we ever seen anything come into life? 
How many have? A neighbor farmer loaned a broody 
hen. At the end of the incubation period, many of the 
class for the first time saw baby chicks pick their way 
into an outside world. 

A feeding station for temporary or permanent bird 
residents was set up. Suitability for observation as 
well as the requirements of the birds were given care- 
ful consideration and study. Near it, some bird houses, 
which we hoped the birds might see fit to use, were 
erected. 

The soils of the ground were as varied as one might 
expect in any such region. Here were some stiff fer- 
ruginous clays, some rich garden soils, and some limey 
shales near a caleareous outcrop. Students collected 
some of the clay and dried it so that the coarse pebbly 
portion might be separated before using it for model- 
ing clay. Some very presentable vases were molded 
from the product in addition to discussing the whys 
and wherefores regarding pottery making and related 
arts. 

Soil was treated with suitable reagents to determine 
its acidity, phosphorus content, et cetera. Was such 
soil good for strawberries? We had already potted a 
hundred or more. The pH value of the soil offered a 
big question mark. 

As mentioned above, a deep ravine afforded a fine 
opportunity to study the underpinning of the location. 
Here and there along the lower portions of the same, 
scraps of the Ames Limestone had been found. What a 
“find” to the geologist of western Pennsylvania. That 

fairly thin layer of limestone, wherever located in this 
portion of the state, is the point of departure for the 
identification of all other rocks. 

Above it, at a distance of about three hundred feet, 
would be found the Pittsburgh coal, below it, at about 
the same distance may be found the Freeport vein. In 
a similar manner other rocks could quickly and defi- 
nitely be determined. We were surely in the vicinity 
of the ledge. Imagine the pleasure to note that the 
main buildings of the institution actually rested upon 
this layer of rock. What luck! 

Rock formations very naturally lead to inquiry as 
to earth origins, and that of our neighbors in the uni- 
verse. The subjects of longitude and latitude there- 
fore had a new interest to us. An approximate method 
of determining the latter was accordingly worked out. 

As nearly as possible, the exact north-south direc- 
tion was established. Even a small error in direction 
does not materially affect the problems upon which the 
class was working. In a field giving a clear view to 
the north, two pieces of two-by-four studding were 
driven into the ground along the established north- 
south line. Using a carpenter’s level, a small board 
was fastened to the broad side of these stakes. Thus 
a horizon line was established, pointing in a northerly 


direction. In the evening when Polaris became visible, 
a second board was securely nailed to our horizon line 
board but pointed as one would aim a gun at the north 
star. Measuring the included angle between the two 
pieces of wood gave us a surprisingly close approxi- 
mation to the latitude of Pittsburgh as determined at 
the Allegheny Observatory, a not distant neighbor to 
the Mother House. As is well known, the latitude of 
any place on the earth’s surface is the altitude of the 
elevated pole. 

On clear nights by means of a home made reflecting 
telescope, we made observations of the moon in several 
phases; an observation of Jupiter and its moons; also 
Saturn and Mars. The relative positions of the planets 
enabled us to pick out the Zodiac. Before the short 
term was over, many of the important constellations 
of the summer sky had been identified and became 
familiar objects to the class. Very naturally these ex- 
periences led us to carry out one of the most inter- 
esting projects of the whole course, the setting up of a 
sun-dial. 

In this problem, a suitable level spot with a south- 
ern exposure was chosen. It was planned to set up a 
much larger sun-dial than is ordinarily conceived. A 
space above twelve feet in diameter was selected from 
the southernmost periphery of which a trench two 
feet deep, a foot wide, and two feet long was dug. A 
soil pipe was set in concrete in this trench pointing 
exactly at the north star. This angle previously deter- 
mined was the same as the latitude of the school. A 
stick of timber, either a piece of two by four studding 
or a sapling, was inserted in the open end of a pipe to 
serve as our gnomon or stile. This, of course, made an 
angle with the horizontal corresponding to the lati- 
tude. Instead of calculating where the hour marks 
would fall around a symmetrical curve, the exact hour 
marks of the shadow, morning and afternoon, were 
located as the sun apparently moved across the sky. 
There was no end to the use that could be made of 
the space around such a sun-dial. The Sisters of St. 
Francis chose to make it a location where a continual 
round of flowers would bloom, beginning with the 
crocus and the daffodils of spring. But for the most 
part perennial wild flowers suitable for such a habitat 
were chosen. This latter study of suitable locality fur- 
nished an incentive for not a few ventures, not the 
least of which was an opportunity to try out some of 
the ideas in plant propagation. 

The new synthetic hormone indolebutyric acid devel- 
oped at the Boyce Thompson Institute was tried with 
stem cuttings. While the period of summer class was 
entirely too short to derive satisfactory data, neverthe- 
less, rooting with such easily rooted material as grape 
and rose was speeded up. The small greenhouse was 
of special assistance to us in this case. A splendid 
young fruit orchard gave us a chance to try our hand 
at budding. Again, as in the case of the root cuttings, 
the time was too short to note the best results, but 
it gave us a good conception of the method used in such 
procedure. 

The proof of the pudding is in the eating, if we 
Continued on Page Fifty-four 
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Soilless Growth of Plants 


By CARLETON ELLIS and MILLER W. Swa- 
NEY, Reinhold Publishing Corporation, New 
York, 1989. 155 pp. $2.75. 


This book presents for the first time, and by authori 
ties, all necessary technical information for growing 
plants without soil but in properly balanced nutrient 
solutions. The methods are not new to botanists but 
have only recently been brought to public attention 
and to commercial use. The book is beautifully illus- 
trated and gives the amateur and professional alike 
an adequate discussion of the necessities of agriculture, 
including descriptions of the recent studies of plant 
growth stimulants known as hormones. 

Role rt Hanes 


A Laboratory Introduction to 
Animal Ecology and Taxonomy 


By ORLANDO PARK, W. C. ALLER, V. EF. 
SHELFORD, The University of Chicago Press, 
Chicago, Illinois. 1939. x 272, $2.00 


A growing appreciation of the need to know animals 
as they live in native habitats will find much needed 
direction in this new laboratory guide. Preceding the 
synoptic keys to animal orders are excellently clear and 
brief discussions of factors surrounding the lives of ani- 
mals. For advanced students the rather long bibliog 
raphy will be helpful. The glossary will aid in following 
the keys. The loose leaf construction of the book will 
permit the insertion of additional blank sheets or of 
new printed pages if desired. 

Robert T. Hance. 


The World and Man 
As Science Sees Them 


Edited by Forest RAY Mouton, The Uni 
versity of Chicago Press, Chicago, Illinois. 
1937. xix + 533. $3.00 


Thirteen men who are known for their technical 
work as well as for understandable descriptions of their 
findings have collaborated in the production of a book 
setting forth the essentials of their respective fields of 
activity. The result is eleven good resumés of impor- 
tant scientific conclusions. 

Astronomy, geology, physics, chemical processes, the 
nature and origin of life, the problem of life and re- 
production in the plant kingdom, evolution and be 
havior of the invertebiates, vertebrates and physiolog- 
ical processes, microorganisms and their role in nature, 
man, are treated adequately and interestingly. Many 
as are the illustrations, in this age of pictures, even 
more could have been added to the advantage of che 
text. A happily brief but excellent bibliography sug- 
gests sources of more detailed information in each of 
the discussed subjects. 
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It seems to be but quibbling to question the unity of 
a book written by so many writers. The difficulties con- 
nected with such authorship are commented on in the 
Foreword. The decision to be made in an attempt to iie 
man up with his world (and between two covers) must 
almost necessarily lie between the complete authority 
of the writers and the desirable unity of the ‘ext. 
Where it shall be is, obviously, a matter of opinion, but 
the reviewer has never been convinced that such sum 
maries give beginning students a satisfactory basic 
background on which to build. For use as a senior sum- 
mation of a college training, as a means of yoking to- 
gether the diciplines of departmentalized education, 
that would be something to think about. 


Rohe rt T. Hance 


Animals Without Backbones 


By RALru BuctisBauM, The University of 
Chicago Press, Chicago, Illinois. 1938. ix 
371. $3.75 


The age of pictorial news through which we are now 
passing has happily touched the biological text and 
very much to its advantage. No body of specific zoolog 
ical information available today is better illustrated 
than is “Animals Without Backbones—<An introduction 
to the invertebrates.” 

No one need agree with the educational philosophy 
of the “Chicago Plan” to grant that it has stimulated 
new thought in the organization of texts. The drawings 
and photographs in the present book are both numerous 
and striking, calling attention once more to the many 
interesting books coming from the Press of the Uni- 
versity of Chicago. 

Dr. Buchsbaum has an unusual facility in penning 
brief legends to the illustrations that often include 
more understandable information than is available in 
many lines done in the accepted textbook style. 

This book should be in all college and high school 
libraries for reference. Its use as a textbook would 
seem to be limited to the courses in invertebrate 
morphology that frequently follow the general course 


in zoology. Robert T. Hance 


Animal Life in Fresh Water 


By H. MELLANBY and L. E. S. EASTMAN, 
Chemical Publishing Company of N. Y., Inc. 
New York. 1938. viii + 296. $3.50 


In comparison to “Animals Without Backbones”, this 
book by two English authors must be classed with the 
standard type of “morphological taxonomies” to which 
we have long been accustomed. The writing is well 
done and the illustrations are clear cut line drawings. 
This book should serve well as a guide to the study of 
invertebrates. There can be but little question that it 
will suffer by comparison with the much more brilliant 
format of the “Animals Without Backbones” which 
also has the possibly temporary advantages of newer 
methods. 


Robert T. Hance 
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Personal and Community Health 


®By C. E. Turner, A.M., Se.D., Dr.P.H. Fifth 
Edition. C. V. Mosby Company, St. Louis. 1939. 
652 pp. $3.00. 

A textbook of hygiene that passes through five edi- 
tions in fourteen years does not require a detailed re- 
view. It has already demonstrated its worth. Teachers 
in colleges and universities throughout the country, in- 
stitutions of all sizes and types, have found Dr. Turn- 
er’s book useful enough to require it as a text in their 
classes. 

It is deservedly popular. 

The book deals with the broad field of personal and 
community health in an interesting manner. It is au- 
thoritative, up to date, and thorough. The author writes 
clearly and well. The illustrations are appropriate. An 
unusual feature is the use of “eye-toned” paper having 
a slight greenish tint. 

This book will be a worth-while addition to any li- 
brary. H.C.M. 


Chemistry and its Wonders 


@ By Oscar L. BRAUER, Professor of Chemis- 
try and Physics, San Jose State College, San 
Jose, California. American Book Company, 
New York. 1988. vi + 760 pp. Illustrated. 
$2.00. 

An examination of this book leads the reviewer to be- 
lieve that the author must be a successful teacher. He 
knows how to make chemistry interesting, but he does 
not sugar-coat. The publishers have done their part in 
providing an unusually attractive format. 

Dr. Brauer has taught both high school and college 
students. He knows chemistry. He knows the needs of 
pupils for whom high school chemistry will be a termi- 
nal course. His college teaching has shown him where 
the training of the college freshman is likely to be defi- 
cient. In writing his book he kept in mind the needs of 
both groups. 

The basic material offered is well presented. It is am- 
plified by a study of the applications of chemistry to 
health, agriculture, transportation, warfare, industry, 
and other fields. Questions are given on the special 
reading references as well as upon the material in- 
cluded in each chapter. The illustrations are not hack- 
neyed. The drawings are excellent. 

As is to be expected, teachers will differ with the 
author on at least a few points. For example, valence 
is taught as a tool in Chapter 5, but atomic structure 
is not studied until Chapter 21. 

A laboratory book by the same author, entitled E.r- 
ploring the Wonders of Chemistry, sells for $0.48. 

H.C.M. 


Exploring the World of Science 


® By CHARLES H. LAKE, HENRY P. HARLEY, 
and Louis E. WELTON, Cleveland Public 
Schools. Silver Burdett Company; New York. 
1939. ix 710 pp. $1.80. 

This is a new edition which brings up to date a suc- 
cessful textbook which first appeared in 1934. The 
many good points of the first edition have been retained 
and in some respects emphasized. Some of the sections 
have been revised considerably. New material has been 
added. Additional illustrations are included. The stud- 
ent of average ability, as well as the exceptionally able 
one, will find material to fit his ability and needs. The 
self-test at the end of each chapter is a helpful device. 

The teacher who reviewed the first edition of this 
book in our December, 1935, number, found the book to 
be one of the best textbooks in its field. The evaluation 
still holds good. H.C.M. 


Plant Growth Substances 


By HuGH NicoL, Harpender, England. Chem- 
ical Publishing Company of New York, Inc., 
New York. 1938. xii 108 pp. Illustrated. 
$2.00. 

Although this little book contains two chapters ad- 
dressed directly to the layman, most of its contents will 
be considerably beyond the comprehension of the reader 
who does not have a knowledge of organic chemistry. 
The layman who desires to experiment with growth- 
promoting substances and who does not care too much 
about the how and why, will find here much practical 
information. He is taught how to use such materials 
as indoleacetic acid and phenylacetic acid to produce 
roots on plant stems in unusual positions, or even on 
leaves. He is told how to speed up the rooting of cut- 
tings. He learns about plant hormones, the production 
of growth regulators from natural sources, and the 
structure, synthesis, analysis, and identification of com- 
pounds that have proved to be effective in promoting 
growth. A rather extensive bibliography is included in 
almost every chapter. J.F.M. 


Third Digest of Investigations in 
the Teaching of Science 


@ By FRANcis D. Curtis, Ph.D., Professor of 
Secondary Education and the Teaching of Sci- 
ence, University of Michigan; P. Blakiston’s 
Son & Co., Inc., Philadelphia. 1939. xvii + 419 
pp. $3.50. 

This book should be invaluable to administrators, su- 
pervisors, and researchers in education who need to be 
informed about the research investigations that have 
been made recently in the field of science education. 
It is the third book of a series of digests, the publica- 
tion of which was begun in 1926. This volume covers 
studies that were published in the years 1931-36, in- 
clusive. 

The members of the National Association for Re- 
search in Science Teaching aided Dr. Curtis in select- 
ing the most significant investigations of the period. 
Each is considered under the heads Problem, Method, 
Findings and Conclusions, and classified in the elemen- 
tary, secondary, or college field. Seventy-three studies 
dealing with the teaching of science in secondary 
schools are reported. Some are concerned with the sci- 
ence field in general. Others relate directly to the indi- 
vidual high school sciences. A supplementary bibliog- 
raphy of miscellaneous investigations relating to the 
field is included. It lists thirty-eight additional 07 


The Chemical Formulary 


® Edited by H. BENNETT; Chemical Publishing 
Company of New York, Inc., New York. 1939. 
638 pp. $6.00. 

This book contains thousands of proved working 
formulas—some new, some old—for making a great va- 
riety of preparations for use in the home or school or 
in industry, such as adhesives, polishes, lubricants, in- 
secticides, beverages, varnishes, ceramics, cosmetics, 
medicinal preparations, flavors, inks and cleaners. 
Other types are represented. 

The emphasis throughout is primarily on recipes and 
directions for compounding, but considerable descriptive 
matter is included, and pertinent data are supplied. 
The introductory chapter, which discusses fundamental 
procedures in a simple manner, should be helpful to un- 
skilled workers. 

This is a useful book. In it you will find work with 
which to keep busy that unusually competent pupil. 


FIFTY-THREE 
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A Biology of Familiar Things 


By GeorcGe L. BusH, ALLAN Dicki£, RONALD 
C. RUNKLE, The American Book Company, 
New York. 19359. 695, $1.92. 


The title presents a very satisfactory abstract of the 
contents of this book. The biology of health, disease, 
beauty, clothing, food, pets, pests, conservation and 
even of the future are set forth in a manner to bring 
out the practical applications of the subject. The book 
is broad in scope and excellently illustrated. For those 
who prefer to teach through the familiar to the un 
known, the reviewer has seen no more comprehensive 
guide. 

Role rt 7. Ha 


Science in Our Lives 


By BENJAMIN C, GRUENBERG and SAMUEL P. 
UNZzICKER, World Book Company, Yonkers, 
New York. 1938. xiv 754. $1.76 


“Science in Our Lives” is another book at high school 
level attempting to line up in a rather encyclopedic 
way the knowledge that science has learned of the ways 
of man in his world. This book could well serve a 
course in high school general science although its trend 
is strongly biological. 

The length of this book, as with “A Biology of 
Familiar Things”, is such as to raise the question of 
the desirability of such extensive expositions for stu- 
dents at high school levels. Would not briefer state- 
ments on each subject be better understood? 

Robert T. Hanes 
2 


Deserts 


By GAYLE PICKWELL, WHITTLESEY House, 
McGraw-Hill Book Company, Inc., New York 
and London. 1939. xiv — 174. $3.50. 


“Deserts” does the author, who is also his own pho- 
tographer, very proud, and the publishers deserve sin- 
cere congratulations for the masterly reproduction of 
text and illustration that they have helped to accom- 
plish. 

The biological problems of the desert come to life in 
the reader’s imagination through the well written text 
that is so successfully and beautifully illustrated with 
sixty-four full page cuts. 

Robert T. Hanes 


Birds 


By GAYLE PICKWELL, WHITTLESEY House, 
McGraw-Hill Book Company, New York and 


London. 1939. xvi + 252. $3.50. 


“Birds”, by the same author and photographer as 
“Deserts”, presents to the amateur and professional 
students alike a knowledge of birds decorated with ex- 
quisite portraits of his subjects at home and abroad. 
With two such books from the camera and pen of the 
same biologist, those who raise the question of the “cul- 
tural values” of science will have much of the wind 
spilled from the sails of their argument. 

Rohe rt , Hance 


Science Problems. Looks | and II. 
By Witeur L. BEAUCHAMP, J. C. MAYFIELD, 
Jor Y. West. Scott, Foresman and Co., New 
York. 1938, 1939. Book One, $1.28; Book Two, 


$1.48 
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These textbooks are written for use in the seventh 
and eighth grades in the Junior High School. A third 
book, not yet published, will complete the series. 

These books are examples of fine textbook making 
Successful cooperation between authors and publishers 
is evident. The modern make-up impresses at once, col 
orful binding, wise selection of type, good planning and 
arrangement of material, new and original illustrations 
done in the latest style. 

The subject matter is well adapted to the needs and 
intercsts of the pupils for whom it is intended. It_is 
written in simple and clear language, and from the 
child’s point of view. These are books to attract the 
pupil as well as to impress the teacher. 

The unit problem plan is employed. Principles are 
developed through simple student-performed experi 
ments. An attempt is made to train the child to think 
logically. Many supplementary exercises and problems 
are included. Self tests, book lists, and other aids are 
provided. The “looking ahead” paragraphs and_ the 
material introducing each chapter should be especially 
helpful. 


General and Inorganic Chemistry 
By Freverick G. IRWIN, B.S., and G. Ray 
SHERWOOD, Ph.D., Wayne University. P. Blak 
iston’s Son & Co., Philadelphia. 1939. x 582. 
$3.50 
Despite some admirable qualities this college text 
book of inorganic chemistry as a whole does not im- 
press the reviewer. It suffers by comparison with other 
textbooks in the field. The material appears to be 
loosely knit. Certain fundamental concepts could have 
been developed more fully and more scientifically. The 
order of presentation of topics may be questioned. 
Many teachers might not consider the treatment of 
equations adequate. Much valuable space is devoted to 
very simple problems. Five chapters of organic chem- 
istry are included, the authors assuming that organic 
chemistry is more interesting to the student than the 
material it necessarily displaced. 
This book could well find a place on the reference 
shelves of a high school or college library. 
J. F. M. 
e 


A Course in Nature Study 


Continued from Page Fifty-one 


may be allowed to mix our metaphors. In education, 
the permanency of the adaptations made is the acid 
test of one’s work. So judged, the work of our class 
seemed to have a satisfactory carry over. Pupils of 
the Catholic elementary and high schools of the city 
have been returning with their teachers, former mem- 
bers of the class, to use the grounds of the school as a 
laboratory for nature study. Many times in contem- 
plating these experiences, there has been borne in upon 
us the vastness of the opportunities at our door, even 


though we seem to be amazed to find them there. 
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Scientifie Criminal 
Detection 


Continued from Page Thirty-seven 


Hughes was tried for murder at Pueblo on March 
24, 1988. Two examiners from the Technical Laboratory 
of the Federal Bureau of Investigation were present 
to testify in behalf of the State of Colorado. As ex- 
pected, Hughes’ plea was self-defense. 

The examiner from the Technical Laboratory of the 
Federal Bureau of Investigation who made the exam- 
ination of the portion of the chair testified that the 
chair contained stains of blood. He was also able to say 
that these stains were caused by human blood. This 
testimony nullified the statement of Hughes that the 
victim had been shot in another part of the house while 
moving toward him. The testimony served to substan- 
tiate the charges of the State that the victim had been 
brutally murdered while sitting in this particular chair. 

Other testimony was given by a firearms identifica- 
tion examiner from the Technical Laboratory of the 
Federal Bureau of Investigation to the effect that 
Hughes’ cun had fired the shot which took the victim’s 
life. 

Further testimony given by this examiner was of vital 
importance in attacking Hughes’ version of the crime. 
As a result of tests conducted in the Technical Labo- 
ratory of the Federal Bureau of Investigation, he was 
able to state that the gun used in the murder would 
make a powder residue pattern similar to that which 
surrounded the victim’s fatal wound only when held 
within less than one-half inch from the object through 
which the bullet passed. This absolutely contradicted 
Hughes’ statement and gave valuable support to the 
State’s contention that Hughes had held the gun almost 
in contact with the victim’s head while she was sitting 
in the chair, possibly sleeping, and had then pulled the 
trigger. Hughes’ story of shooting his wife while she 
was advancing toward him and still at some distance 
was thus discredited. 

Everett B. Hughes was convicted of murder in the 
first degree in State Court at Pueblo, Colorado, and 
was subsequently sentenced to life imprisonment. 

It is doubtful if cases such as this could speedily be 
brought to their logical conclusion if it were not for 
the testimony given at court by qualified scientific 
criminologists who make it their business to show the 
criminal element that every available weapon of science 
is aligned along the battle front of crime to defeat the 
depredations of the lawless segment of our nation. @ 


ANIMAL KINGDOM 
TYPE COLLECTION 


@ Never before have such beautiful prepara- 
tions been available to laboratories with lim- 
ited means. The Collection, especially suited 
to Biology courses of secondary schools and 
colleges, embraces 48 specimens, each mount- 
ed on a glass plate to permit both dorsal and 
ventral views. The group represents the prin- 
cipal phyla and subdivisions and is available 
in two separate units. No. 86360A includes 24 
specimens from sponges through phyla to 
mammals . . . price $17.75 No. 863628, also 
priced at $17.75, includes 24 additional speci- 
mens of the same type but supplementing 
rather than duplicating the animal groups in 
set A. Specimens are mounted in uniform 
bakelite screw capped jars. A 24 compart- 
ment case suitable for wall suspension or car- 
rying of either set . . . No. 86369 . . . $6.00 


@For other educational preparations consult 
our catalog No. 47. If not in your files, write. 


Chicago Appar tus Company 
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Continued from Page Forty-one 

For many centuries the world of little things re- 
mained undiscovered. In fact, the beginnings of bac- 
teriology ran parallel with the development of the 
microscope. People knew nothing about the countless 
millions of invisible plants and animals that live in 
water, soil, air, foods and in our very bodies. Milk 
soured, fruit juices fermented, meats putrefied, vegeta- 
bles decayed and diseases claimed many unfortunate 
victims, but people were totally ignorant of the real 
causes. They did not know that these conditions were 
brought about by millions of extremely tiny plants and 
animals, far too small to be seen by the naked eye. 
In 1683, Leeuwenhoek, a Dutch linen weaver, con- 
structed a lens sufficiently powerful to enable him to see 
some of these minute objects. The importance of this 
remarkable discovery was not realized at that time. 
Nearly two centuries more passed before scientists 
began to study the world of little things in earnest. 
Each new discovery on their part was, therefore, a 
marked advance in the science of bacteriology. 

Two very prominent phases of science, water sanita- 
tion and food analysis, have witnessed an extensive 
elaboration as a result of microscopic research. The 


suspended matter in drinking water is usually so small 
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in quantity that it cannot be detected with the eye 
alone. If, however, a sample is allowed to stand and is 
then decanted, there is a trace of deposit left which 
can be easily examined under the microscope for chance 
harmful bacteria. A widely recognized means for 
identification of adulterants in many classes of foods is 
furnished by the microscope, which in most cases affords 
more actual information as to the purity of food than 
can be obtained by chemical analysis. In the case of 
cereal products, so commonly employed as adulterants, 
a microscopical examination is of paramount impor- 
tance. One who is familiar with the appearance under 
the microscope of pure foods and starches and of vari- 
ous ground substances can with certainty identify very 
minute quantities of these materials with surprising 
ease. By chemical analysis an abnormal amount of 
crude fiber may show the presence of a woody im- 
purity, but only the microscope will enable one to de- 
cide whether the substance consists of sawdust, chaff 
or ground nut shells. In such instances as these not 
only is a microscopic examination more accurate than 
a chemical analysis, but it is also a much quicker and 
safer guide. 

The investigation of the form and optical properties 
of minerals when in microscopic form, has been much 


facilitated by the use of microscopes especially adapted 


tive science teaching. 


important group of superior ability. 


NEW YORK CINCINNATI 


OBSERVING THE TRENDS 


The new point of view in science teaching is brilliantly expressed in these new 
books for the high school—books that are created for and addressed to the average 
student—books which bring a genuine science message on his own levels of interest— 
books which are written simply, informally, yet with the stamp of enthusiasm for crea- 


It is to be noted, however, that these books do also contain all the content required 
for the traditional courses so that individual needs are provided for within the same 
classroom group: the more numerous general students’ group and the small yet equally 


Bush, Dickie and Runkle 
A BIOLOGY OF FAMILIAR THINGS S1.92 


Brauer 


CHEMISTRY AND ITS WONDERS 82.00 
EXPLORING THE WONDERS OF CHEMISTRY 8.18 


AMERICAN BOOK COMPANY 
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for this purpose. First arranged with reference to the 
special study of minerals as seen in thin sections of 
rocks, they have now been so developed as largely to 
take the place of the older optical instruments. They 
not only allow the determination of the optical prop- 
erties of minerals with greater ease, but they are ap- 
plicable to many cases where the crystals on hand are 
too small for other methods. 

With the rapid increase made in comparatively recent 
times in the perfection of instruments at our disposal, 
and in our knowledge of the different appearance of 
body tissues and organs together with their secretions, 
the microscope has come to be an indispensable aid to 
medical diagnosis. Before the discovery of this prac- 
tical and efficient instrument, medical men knew very 
little concerning the activity of microbes. Through the 
medium of this invention, they were able to solve many 
questions, principally relative to disease and physical 
destruction. In some instances, permanent remedies 
for many hitherto incurable afflictions were rapidly 
formulated. 

The electronic microscope is, perhaps, the most 
modern convenience available to our present day 


scientists. This instrument is so constructed as to pro- 


ject on a circular viewing screen magnifications which 
frequently exceed the actual size of the object by one 
million times. It is believed that many significant new 
discoveries in the basic sciences of physics, chemistry 
and biology may result. Time alone will bring about a 
development of the unknown possibilities of this new 
invention. 

In recent years, photomicrography has taken an im- 
portant position among our list of hobbies. The photo- 
micrograph serves as a simple means of keeping 
permanent records of unusual occurences met with in 
the course of routine examination. Besides offering a 
means for an enjoyable pastime, this instrument, which 
represents a combination of a microscope and camera, 
has also proved its usefulness as a means of evidence 
in court by showing as it does with faithful accuracy 
the presence of a contested adulterant. 

Microscopic surveys have brought to light countless 
scientific wonders but, strange to say, the field of 
science has been but slightly developed as yet, and only 
roughly analyzed. Persevering patience and concentra- 
tion on the part of our present and future scientists, 
whe will be aided by more sensitive microscopes, will 


solve many scientific wonders yet to be revealed. @ 


Science in Our Lives 
By B. C. Gruenberg and S. P. Unzicker 


Teachers who are using this new text in general science explain why they and 
their pupils like it. Their estimates fall roughly under six headings: 


1 It is interesting reading. The language is simple and clear. The text is unin- 


terrupted by questions or experiments. 
2 The 97 problems, around which the course is built, are all within students’ 


interest and comprehension. 


3. The student always knows why and where he is going. Introductions or 
previews prepare him for what is to follow. 


4 The 300 activities give first-hand experience. The method of the scientist 
becomes real and meaningful to the student. 


5 It is an attractive book, well planned, printed, and bound. The many illus- 


trations have real teaching value. 


6 It is up to date and it is accurate. 


Activities in General Science, a directed study guide by Unzicker and Gruen- 


berg, is now ready. 


World Book Company 


Yonkers-on-Hudson, New York 


2126 Prairie Ave., Chicago 
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Some Aspects of Blood as a 
Physico-Chemical System 
Continued from page forty-four 


not exactly equal, one being a constant function, /, of 
the other. Nevertheless, the theory serves to describe 
the shift in ions which actually takes place across the 
cell membrane. The loss of electrolyte as Cl ions by 
the cells renders them osmotically weaker than the 
plasma. Osmotie equilibrium is restored by the passage 
of water from the cells to the plasma. 

Upon respiratory expiration, the accumulated excess 
of free COs is blown off by the lungs. The red cell, 
which we have been observing in its 1l-second passage 
through the capillary, has already passed on together 
with other companions, in the stream of plasma _ sur- 
rounding them, as arterial blood. Thus, at any moment, 
the condition of the blood coursing through the pul- 
monary alveoli is such that it is in very near equili- 
brium with the COs tension of the aleolar air (at 40 
mm.) but is at a somewhat lower Ov» tension (10-25 
mm. lower). From the reactions described, and indi- 
vated in Figure 1, it is apparent that the chain of 
events and the properties of the reacting substances 
are consistently such as to favor in every way the 
uptake by the blood of oxygen in the lungs, and the 
release of carbon dioxide. In the capillaries of the 
tissues, where the blood discharges its load of oxygen 
and picks up carbon dioxide, the directions of the re- 
actions are exactly the reverse of those shown in Fig- 
ure 1. 

Although the foregoing analytical treatment necessi- 
tates a description of the mechanisms as a rapid se 
quence of events, in reality, all of the reactions occur 
simultaneously. Furthermore, in the interplay of re- 
actions centering about the physiologically important 
chemical properties of hemoglobin for O» and COs 
transport, the ready reversibility of the reactions, none 
of which runs through in any one direction to the 
complete quantitative exhaustion of any reacting sub- 
stance, indicates that a series of equilibria are in 
volved. The unique properties of the reacting sub- 
stances may accordingly be studied by the application 
of mass law equations. Thus, the equation for the dis- 
sociation of carbonic acid, 


-- Kk’ 
fHeCOs 


(10) 


indicating the state of the CO» in the circulatory fluid, 
is now generally used to describe accurately, the con- 
dition of the blood acid-base balance, which is a re- 
liable index of the physiological neutrality of the or- 
ganism as a whole. It is such applications of physical 
chemistry that have revealed the physiological fitness 
of blood for its tremendously important role in gas 
transport, in the maintenance of physiological neutral- 
ity, in responding rapidly to changes in the internal 
and external environment, and in general, in the main- 
tenance of physiological stability. 

In this paper, the treatment follows from an attempt 
to present the subject as simply and as briefly as pos- 
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Made Espectally for High School and 
Elementary Science Work 


CENCO-SPENCER 
MICROSCOPE 


61000 


NUSUAL emphasis has been placed upon a 

sturdy, rugged construction that will with- 
stand usage in the hands of students. The instru- 
ments are attractively finished in a velvety-black 
lacquer, resembling hard rubber, and are trimmed 
in chromium-plate. They command the respect 
due to any high grade instrument. The optics are 
exactly the same as those of corresponding pow- 
ers used on more expensive instruments. We are 
convinced that the Cenco-Spencer Microscope is 
an outstanding value at our price, and to sub- 
stantiate our belief, we will refund the purchase 
price of any of these miscroscopes to any pur- 
chaser who does not agree with us and promptly 
returns the instrument with his comments. 


61000 Cenco-Spencer Compound Microscope, Im- 
proved Model, with 10 x ocular, 4 mm 
objective, and divisible 16 mm _ ob- 
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sible. For more extensive developments and reviews of 
the physico-chemical phenomena discussed in this arti- 
cle, the reader is referred to the publications cited 


below. @ 
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Criteria of a High School 
Biology Text 
Continued from Page Thirty-three 


provided that there is good correlation with the text. 
Certain points of organization—for example, thought 


CooRS PORCELAIN COMPANY. 
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questions and review questions at the end of a unit— 
aid materially in making a teachable book. The vocab- 
ularies of new words with their pronunciations and 
definitions are an invaluable aid to the pupil. The use 
of tabular summaries is often a help in conveying 
information in a clarified form. 

We learn with the eye with such ease and facility 
that every teacher will recognize the importance of 
good clear-cut illustrations and half-tones. Is your 
book well illustrated? This is a question of significance. 
If the answer is in the affirmative, it is quite likely 
that the book will attract more interest in the student. 


With biology a dynamic and a growing science, a 
modern text should be up to date in scientific discov- 
ery or it will soon be outmoded in both facts and in- 
terest. Necessarily it should be correct, authoritative, 
and reliable in its information. Many textbooks have 
errors in them. Some texts are written by college pro- 
fessors who know little of the high school pupil’s in- 
terests and limitations. I would not say that college 
teachers should not write books for high school use, 
but I do know that those written by high school teach- 
ers or by teachers who have had high school expe- 
rience, frequently succeed in reaching the pupil better. 
There is less transition, and there is greater likeli- 
hood of the use of a common language. Finally, then, 
the author, his experience, the contacts that he has 
made, and the institutions with which he has been 
connected, are all worthy of note. But in the end these 
can hardly compare in importance with the influence 
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of his style, and the inspiration of his work upon our 
youthful students. 

To inspire pupils so that they will want to learn 
more and more, even after school days are done, is 
indeed a rare attribute, and perhaps a more fitting 
challenge to the teacher than to the text. @ 
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mation but also a reliable and useful guide in apply- 
ing the facts. Often, in a large body of facts, many 
appear to have little relationship to social usefulness. 
The application of physics in reflective thinking and 
problem solving should be stressed even if memoriza- 
tion of mere factual knowledge must be curtailed. In 
this way true understanding can be attained. 
the the 
employed. <A deductive approach 
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mind attempts to solve a problem. 
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exerted by pressure methods, as well as 
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personal bias. In making its evaluation, the commit- 
tee should consider the subject matter, whether it 
is written in language easily understandable by the 
pupils, whether a proper physics vocabulary is intro- 
duced, whether individual differences are provided 
for, and whether the educational philosophy of the 
committee is provided for in the organization. Aside 
from these, the cost, style and format must also be 
Furthermore, the must inquire 
into the professional standing of the author, the rep- 
utation of the publisher, and the date of publica- 
tion. It may often also be worth while to get the 
reactions of pupils to books under consideration. 


considered. selectors 


Bearing these factors in mind, we may perhaps 
more effectively succeed in choosing a text which is 
adapted to the interests, abilities and needs of the 


pupils. @ 
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